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ABSTRACT 



Disclosed is a solid state disk emulator system for signif- 
icantly improving access time, i.e., inriproviEg both the 
seek time and the rotational latency. The disk emulator 
complies with the SMD interface convention and thus 
to the central processor and the SMD disk controller, 
the disk emulator appears as a disk with virtually a zero 
access time. In one embodiment, the primary systems of 
the disk emulator are a 66-bit shift register, a parity 
circuit, a latch circuit, a 66-bit parallel bus and a dy- 
namic random access memory (DRAM) array. Each of 
these systems interface with control systems of the disk 
emulator which provide the signals required for the 
read and write operations of the disk emulator. An error 
correction process is incorporated in the disk emulator 
which corrects single bit hard memory errors using 
only a single parity bit. 
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1 2 

netic servo can position the read/write heads over the 

DISK EMULATION SYSTEM entire surface of the disk, the disk surface contains a 

multiplicity of concentric data tracks. A typical disk has 
RELATED APPLICATION a track density of 1000 concent ric tracks over a one inch 

This application is a divisional of U.S. patent applica- ^ radius, 

tion Ser. No, 07/224,530. entitled "EHsk Emulation The central processing unit, the central processor, of 

System" of George B. Tuma. Wade B. Tuma and Ro- « digital computer must be able to read and write data 

ben £. Wame, filed on Jul. 26, 1988 which issued as the hard disk upon command. The data must be 

U.S. Pal. No. 5,070,474 on Dec. 3, 1991. written on the disk so that it can be found when the 

n,-^*.,.^..^*. — central processor wants to the read the same data. Con- 

CROSS REFERENCETO MICROFICHE ,,^„i„/a disk drive is a very involved operation and if 

APPENDIX central processor were totally involved in disk drive 

Appendix A, which is part of the present disclosure, control, the central processor would not have adequate 

is a microfiche appendix consisting of three sheets of time for other operations such as mathematical compu- 

microfiche with a total of 105 frames. Microfiche Ap- tations or data processing. Therefore, the central pro- 

pendix A is a listing of a computer program which is cesser interfaces vrith the hard disk drive through a disk 

described more completely below. controller. The central processor issues a request for a 

BACKGROUND OF THE INVENTION Jj* f ^^^oUct and then goes on to other 

tasks. The disk controller issues commands to the disk 
1 . Field of the Invention 20 ^^^^^ locates the sectors comprising the file on the disk, 

This mvention relates generally to a digital computer retrieves the file, and cues the central processor that the 
subsystem for storing data, and more specifically, to a fii^ ready for use. 

dynwnic random access memory unit which functions jhe disk controller acting as an interface between the 
as a hard disk storage unit without the latency limita- ^^^^^1 processor and the hard disk drive introduces 
uons of a normal hard disk. 25 ^^^^^^^ problem. Each computer has ite own protocol, 

2 Dcscnption of the Pnor Art . , , , that is, each computer has a unique bus structure for 

All computers regardless of size are comprised of the interfacing the central processor with peripheral de- 
same basic subsystems a central processing unit, a vices such as a hard disk drive. To interface a hard disk 
J''^ T"^ information a means for entenng ^^^^ ^^^^ ^j,^ 

^l!^rnr lS^oltT^^ ?r ' T-^ f'."^* ^''"'"^ processing units ofdifferem computers would be a very 
means for storing data currently exist including floppy v j * i 

disk drives, tape drives, and hard or fixed disk drives ^^'"^'"5 '^^^?''*K^^^^*i*^^.^^^ diskprotocols 
Floppy disk drives have a limited storage capacity usu- developed for hard disk dnves. Thus, each 

ally one megabyte or less. Tape driv« are useful for central pro<^r has its own convention for communis 
archiving and backing up data, but tape drives are not 35 but the disk controUer translates this convention 

appropriate for random access applications. The device * standard disk protocol. 

most commonly used for storage of large amounts of .9°"^^°' Corporation ongmat«l one of the most 

data is the hard disk drive. The total memory capacity "^'^^^y .^^^ specifications, the Storage 

of a hard disk drive can range from 5-1000 megabytes. '^^"^^ ^^^^ <SMD) interface. The SMD mterface 

The hard disk drive has a routing magnetic media, a 40 ^ transfer, a parallel control bus, 

disk, that can be magnetized in a certain pattern and a differential signals, and incorporates error recovery 

read/write head which flys above the surface of the facilities. The SMD interface is widely applied and 

disk. During a write operation, the head creates dau vinually all the major disk manufacturers build prod- 

patteras on the magnetic coating of the rotating disk ^^^ts that comply with the SMD interface. Therefore, 

which represent the data, while in read mode the head 45 means are available for interfacing a hard disk drive 

reads these daU patterns. In most high capacity hard with the central processing unit of the digital computer, 

disk drives, several disks are mounted above one an- but hard disk drives are still plagued with two very 

other on a common spindle. Each of the disks has at serious problems, seek time and latency, 
least one bead/write head per surface, and commonly Access lime is defined as the time span between when 
several read/write heads may be utilized on each sur- 50 central processor requests information and that 

face. Data is stored in tracks which are concentric cir- information is made available by the disk controller, 

cles on the disk surface. When a plurality of disks are The major factor in the access time is the large amount 

used on a common spindle, the tracks on the disks are of time, the seek time, required to position a head over 

wrinen at the same relative radial position on each disk, the desired track of the hard disk. A seek time of 100 

that is track one on one disk is directly above (or below) S5 milliseconds ts not uncoaunon for hard disk drives. The 

track one on the adjacent disk. The track locations may magnetic servo can only position the head near the 

also be looked as cylinder locations since the location of desired track. Each sector in a track contains infonna- 

track one on the stack of disks forms what is referred to tion about the head position, the track, and the sector 

as a cylinder which extends pcix>endicularly to the disk number within the track. The controller reads this infor- 

surfaces. 60 mation and through successive approximation between 

The data stored on the hard disk is generally divided the current position of the read head and the desired 

into files. Each file represents a unit of data which is position of the read head, the desired track is found, 
processed by the digital computer. The files arc stored The 100 millisecond delay time is a significant delay 

on the rotating disk in sectors. The number of sectors for modem high speed computers, but several factors 

which are written in one revolution of the rotating disk 65 can make the delay time even greater. After the track 

comprise a track. While the number of sectors per track requested by the centra) processor is located, another 

is a function of the disk drive and the disk controller, delay, rotational latency, may be imposed. A typical 

thiny-two sectors per track are common. Since a mag- hard disk makes one complete revolution every 16 milli- 
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seconds. If the head is positioned on a track just as the sector over which the read head is currently positioned 
desired sector has gone past, the controller must wait and sends the information to the SMD disk controller, 
another 16 milliseconds before the desired sector can be The SMD disk controller always deasserts the read gate 
read. at the write splice field of the sector. Next, the control- 

A large file may include hundreds of sectors each 5 ler initiates one of three actions; 
raied with data. The disk controller can handle only 1. If this is the sector to read, read gate is reasserted, 
several sectors at a time. Thus, the access time delay is 2. If this is the sector to write, write gate is asserted, 
imposed over and over again. Also if a large file is being 3. If this is not the sector of mterest, neither gate is 
used simultaneously by many different users of the digi- asserted. 

lal computer, the disk controller is flooded with re- 10 If it is not the correct track, the head moves to a new 
quests for sectors located throughout the disk. location based upon the current position and the posi- 

While these problems are widely recognized, the tion requested by the central processor and reads again, 
high speed rotation of the disk, the ability to precisely This process continues untU the correct track K/ound^ 
position the read/write heads, and the geometry of the A read gate or write gate signal is asserted by the disk 
disk severely Umit the choices in addressing these prob- 15 controller when the desired sector and track are found, 
lems. The options available for improving access time To overcome the problems associated with hard disk 
include increasing the rotation speed of the disk, in- drives requires eliminating or substantially reducmg the 
creasing the storage density of the disk, or enhancing access time of the disk as well as providmg better means 
the storage efTiciency on the disk. for storage of data. The prior art has considered increas- 

To better understand the limitations of the current 20 ing the rotational speed of the hard disk, mcreasuig the 
hard disk drives, consider the information written in storage density of the hard disk, and mcreasing the 
each sector on the hard disk by the SMD disk control- cfiicicncy of data storage on the hard disk as means for 
ler. As shown in FIG. la, each sector 10 is comprised of improving the performance of a hard disk dnvc. An- 
several fields in addition to the dau field. The first other solution would be to replace the hard disk with 
information at the beginning of each sector is the head 25 solid state memory. Solid state memory has the advan- 
scatter field U. This field 11, typically sixteen bytes tages of a very fast access time and very good reliability 
long, is provided to compensate for the inability of a because it is not an electromechanical device, but the 
normal hard disk drive to go instantaneously from read- SMD interface was conceived to control disks and ro- 
ing to writing. Immediately after the head scatter field toting medium and not to control any type of sohd stale 
11 is the PLO sync field 12 which is typically ten bytes 30 memory. Therefore to replace the hard disk with solid 
in length. The PLO sync 12 is a sync signal that permits state memory requires that the solid stote mMnory ap- 
the controller to compensate for variations in the disk pear as a disk to the SMD disk controller. This invcn- 
speed from disk to disk or from time to time. Next is the tion overcomes the problems of the pnor art by provid- 
address field 13 of the sector 10 which comprises eight ing a means for directly interfacing a solid state memory 
bytes and is further broken down as shown in FIG. 1*. 35 with a SMD disk controller. 

The address field 13 is a unique field for each sector SUMMARY 
on the disk. It provides information on the sync pattern 

13a, flag sutus and logical unit 13fr. the upper cylinder The disk emulator of this invention is a solid state 
13c. lower cylinder 13c/ and the head and sector 13f plus system for significantly improving access time, i.e.. 
two cyclic redundancy checking (CRC) code bytes 13/ 40 improving both the seek time and the rotational latency. 
13^. Following the address field 13 is a write splice field The disk emulator complies with the SMD interface 
14 which is typically one byte. This is followed by convention and thus to the central processor and the 
another PLO sync field 15 of ten bytes and a sync pat- SMD disk controller, the disk emulator appears as a 
tern field 16 of one byte. disk with virtually a rero access time. - ^ . 

After fields 11-16 is the date field 17 in which the 45 In one embodiment, the pnmary systems of the disk 
central processing unit may store data on the disk or emulator are a 66-bit shift register, a parity circuit, a 
read daU from the disk. The data field 17 is followed by latch circuit, a 66-bit parallel bus and a dynamic random 
a two byte CRC field 18 and then the one byte end of access memory (DRAM) array. Each of these systems 
record pad field 19. foUowed by an eight byte end of interface with control systems of the disk emulator 
sector field 20. 50 which provide the signals required for the read and 

On a typical hard disk, only 81% of the storage ca- write operations of the disk emulator. While different 
pacity is actually used for data storage. The remaining circuiU are required to generate the signals necessary 
storage capacity is used to store the additional fields for for the write operation and for the read operation, the 
each sector as shown in FIG. 1. Typically, only the 8 use of the shift register, parity circuit and Utch circuit in 
byte address field and the dau field are unique to the 55 conjunction with the 66-bit parallel bus and the pRAM 
sector. The data m the other fields is similar for each of array for both the read and write operations minimizes 
the sectors in a track. the circuitry in the disk emulator. Consequently, both 

In locating a desired sector, the disk controller issues the cost and the siie of the disk emulator are reduced, 
a seek command. A convenUonal hard disk drive then The 66-bit shift register receives serial daU from the 
issues a pair of signals, a sector pulse and an index pulse. 60 SMD disk controller and converts the stream of serial 
The sector pulse is issued to the controller at the begin- dato into 66-bit words which are each passed over the 
ning of each sector and the index pulse is issued once 66.bit parallel bus to the latch circuit where they are 
per revolution of the disk. The SMD disk controller temporarily stored. For each 66-bit word a parity bit U 
issues a read gate signal immediately after receiving the also generated by the parity circuit. The stored word in 
sector pulse. The hard disk drive upon receipt of the 65 the latch circuit and the associated parity bit are trans- 
seek command positions the read/write heads. Upon ferred to the DRAM array over the 67 bit (that is 66 bits 
receipt of the read gate signal, the disk drive reads the of data -|- 1 parity bit) parallel bus while another word is 
head scatter, PLO sync, and the address fields of the being serially supplied to the 66-bit shift register by the 
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SMD disk controller. In this embodiment, each track of parity bit. corrects a single bit hard memory error while 
data in the disk emulator may be comprised of thirty- the previous word is being serially supplied to the SMD 
two sectors, with each sector being comprised of sixty- disk controller. With the design of the latch circuit, i.e., 
four 66-bit words. This word length allows the memory the use of inverting latches, and this novel six step error 
interface timing to be very conservative while still 5 correction process, the error correction process is corn- 
maintaining a very fast transfer rate to the SMD disk pleted in a time frame such that the disk emulator can 
controller. An additional benefit of the 66-bit word is operate at data rates as high as 50 Megahertz. Thus, the 
the economy of parity. For a long word, the stored new error correction process not only conserves stor- 
parity bit is a small portion of the stored data. age space in the DRAM over prior art processes, but 
To further reduce the memory requirements for the 10 ^Iso corrects errors with such speed that the disk emula- 
DRAM array of the disk emulator, only the sector- tor operates at the highest frequency permitted by the 
specific data provided by the SMD disk controller are SMD interface convention. 

stored in the DRAM array. In each sector on a disk, When the SMD disk controller wants to read data 
only the address field and the data field are unique. f^^^n the disk emulator or write data to the disk emula- 
Accordingly, the disk emulator needs to store only 15 jor, the SMD controller sends a seek command to the 
address information and the dau information and docs emulator. The SMD disk controller simultaneously 
so by making the zeroth word of the sector in the provides the cylinder and head address for the desired 
DRAM array the address field and the first through ^^^j^ sMD control cable. The combination of 
sixty-third words of the sector in DRAM array the data cylinder and head address defmes a unique track 
field. Since only the sector-specific data, the address 20 ^^^^ ^^j, ^(^^ predetermined cylinders on 
field and the data field, are stored in the DRAM array, ^^^y, ^^^^^ Differential current mode receivers in 
approximately 97% of the DRAM array is used for dato ^^y^ emulator uanslate the differential signals from 
storage while in a typical hard disk only 8 1 % of the disk ^j^^ controller to logic signals. 
IS available for data storage. Hence, the ability of the translation circuit in the disk emulator 
disk emulator to store only sector-specific dau signifi- 25 i„sta„taneously translates the geometric addresses from 
cantly enhances the utilization of the storage medium ^.^^ controller, the cylinder and head address, 
over pnor art systems, ^ ^^^ ^^^^^ addresses for the DRAM array in the 
Another unique feature of the disk emulator conccnis emulator. In the disk emulator, higher order ad- 
data integnty. Solid sute memory errors can be div,^ ^^^^^ ^^^^^ ^J^^ 

ci^r^"!? '^T' f crrors^The 30 correspond to the cylinder and head address 

SMD disk controller corrects soft errors which are SMD controller. Lower order addresses are 

random, smgle bit errors in the dau retneved from the ^^^^^ 
DRAM an^y. However hard <=rrors are the result of a ^ correspond to the 

catastrophic memory failure m the DRAM array and wiuic»o ui wic j ^ 

generally affect many bits within the -y. Hajd e.^^^^ 35 sector^^^^^^^^ ^^^^ ^^^^^ 

':r^ZVZ^^^^ from the SMD --"^J^ 

troller. Prior art error corr^tion process typically used addresses is virtually msUnUneous, the ""^roprocessor 
an 8-bit ECC code and a mathematical pr^s which d«k emulator can, upon receiving the seek com- 

operated on the ECC code to correct hard errors. How. 40 mand, immediately P"^^ Vl J^r. 

ever, an S-bit per word overhead would add significant controller mdicaUng that the desired ^c^J« 
cost to a disk emulator. Accordingly, a novel error located over the desired cylmder, i.e indicating that 
correction process is incorporated in the disk emulator the track conuming the deigned sector has b<^ lo- 
which corrects single bit hard memory errors using cated. Tlie pucroprocessor then enters the rapid sector 
only a single parity bit. 45 cycle In the rapid sector cycle, the microprocessor 

In the error correction process, as each word is re- "^tuOIy generates the '^d^*^ .f^^fP^^^^^S 
trieved from the DRAM array of the disk emulator, a ^"roth sector of the track specified by the SMD disk 
new parity bit is generated for the stored word. The controller. ^ *^»,r% , . n • 

new parity bit is compared with the stored parity bit for The mdex pulse sent to the SMD disk controller is 
the stored word. If the two parity bits are the same, no 50 «iso used to initialize the disk emulator. The mdex pulse 
error has occurred and the normal read cycle for the clears programmable counters, used to generate timmg 
dbk emulator is followed. However, if the two parity signals, the shift register and other componenu m the 
bits are different, an error has occurred and the disk di«k emulator. In addition, other programmable count- 
emulator uses the novel error correction process to ers. used to address the words in a sector, are initialized 
correct the word. 55 »*ch that the zeroth word of the sector is addressed. 

In the error corrccUon process, the retrieved word is Since the SMD disk controller provided information 
inverted and latched in the latch circuit of the disk which was Uanslated into the higher order address and 
emulator. The inverted word is then written to the same the disk emulator generated the lower order address for 
location in the DRAM array from which the original the zeroth word of the zero sector of the track specified 
word was retrieved. The inverted word is then again 60 by the SMD disk controller, the location m the DRAM 
retrieved from the DRAM array, inverted and latched array of the word that will initially be provided to the 
in the latch circuit. Then, at the appropriate time, the SMD disk controller is completely specified. Accord- 
error corrected word is passed from the latch circuit ingly, the disk emulator fetches the zeroth 66-bit word 
over the 66-bit parallel bus to the 66-bit shift register for the zeroth sector (which is the address field for the 
from which the error corrected word is serially sup- 65 zeroth sector) in the track specified by the SMD con- 
plied to the SMD disk controller. troller plus the one parity bit for the zeroth word and 

This novel READ/INVERT/WRITE/READ/IN- provides the word to the latch circuit and parity circuit 
VERT/WRITE error correction process, using only a on the 66-bit parallel bus. 
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At this time, the parallel terminals of the shift regis- provides the zero bits for the first gap prior to the ad- 

icr, which are also connected to the 66-bit parallel bus, dress field and after the first gap is finished the zeroth 

are tri-siated to prevent contentions on the 66-bii paral- word, the address field, of the first sector of the track 

Icl bus between data in the shift register and the zeroth requested by the SMD disk controUer is loaded into the 

word being retrieved from the DRAM array. Thus, the 5 shift register and serially provided to the SMD disk 

zeroth word from the DRAM array on the 66-bit paral- controller. While the address field for the first sector is 

lei bus is available only to the parity circuit and to the being provided to the SMD disk controller, the disk 

latch circuit. The parity circuit generates a new parity emulator retrieves, error corrects and stores the first 

bit for the zeroth word on the 66-bit parallel bus and the word of the data field of the first sector in the latch 

error correction circuit compares the stored parity bit 10 circuit. 

with the new parity bit and as described previously, the The read gate signal and the write gate signal from 

stored word is error corrected if the two parity bits are the SMD disk controller are again polled for the prede- 

different. lermined time after the initiation of the sector pulse and 

Hence, after the seek command from the SMD disk address field and if neither the read gate nor the write 

controller and the index signal from the disk emulator, 15 gate is reasserted, another sector pulse is generated by 

the zeroth word, the address field, for the zeroth sector the microprocessor and the zeroth word for the second 

of the track specified by the SMD disk controller is sector is provided to the SMD disk controller in the 

loaded in the latch circuit and is ready to be loaded into same matter as described for the zeroth sector and the 

the shift register and serially transmitted to the SMD first sector. The microprocessor continues in this rapid 

disk controller. 20 sector cycle mode to initiate a series of read cycles on 

Immediately after the SMD disk controller receives the zeroth word of consecutive sectors in the track until 

the index pulse from the disk emulator, the SMD disk the read gate or the write gate is asserted by the SMD 

controller asserts the read gate signal to the disk emula* disk controller. 

tor. At this time, the disk emulator starts to supply a ' Thus, the address fields are read by the SMD disk 
scries of zero bits to the SMD disk controller which 25 controller at rapid intervals, typically about 10 micro- 
correspond to the first gap in the sector, i.e., the region seconds, until the desired sector is found. If the desired 
from the start of the sector to the address field of the sector is the last one on the track, i.e.. the thirty-second 
sector. sector, 320 microseconds are required to locate the 

The disk emulator counts the number of bytes sup- sector. A conventional hard disk drive can require six- 
plied to the SMD controller and precisely when the 30 teen milliseconds to locate the correct sector after the 
number of bytes in the sector prior to the address field track is located. Hence, the disk emulator of this inven- 
is reached, the disk emulator loads the address field tion reduces the average rotational latency by a factor 
from the latch circuit over the parallel bus into the shift of 500. This represents a significant increase in the per- 
register which subsequently serially shifts the address formance over a conventional hard disk drive and the 
field to the SMD controller. While the address field is 35 rotational latency of the disk emulator is no longer the 
being serially supplied to the SMD controller, the disk limiting factor in the response of the disk system. Now. 
emulator retrieves the first word of the zeroth sector the performance of the SMD disk controller and the 
from the DRAM array, error corrects the word, and disk emulator is bounded by the response time of the 
stores the word in the latch circuit. SMD disk controller. Accordingly, to further improve 

After the SMD disk controller receives the address 40 the rotational latency requires a change in the SMD 

field, the controller deasseru the read gate at the write interface convention. 

splice field of the sector and initiates one of three ac- When the address field provided to the SMD control- 
tions: (1) if this is a sector to be read, the SMD disk ler corresponds to the sector sought by the SMD con- 
controller i^easscrts the read gate; (2) if this is asector to trollcr, the SMD controller reasserts the read gale if the 
be written the SMD controller asserts the write gate; or 45 central processing unit driving the SMD disk controller 
(3) if this is not the sector of interest, neither the read has requested the data stored in that sector. When the 
gate nor the write gate is asserted by the SMD disk read gate is reasserted, the microprocessor leaves the 
controller. rapid sector cycle and the disk emulator provides a 
Accordingly, the microprocessor of the disk emula- siring of zeros, corresponding to the second gap in the 
tor polls the read gate signal and the write gate signal 50 sector which is the space between the address field 
from the SMD dbk controller for a predetermined time (field 13) and the fint word in the data field, to the 
after issuing the address field (in this case for the zeroth SMD disk controller. 

sector) and if neither the read gate nor the write gate At the precise time the number of bytes in the second 

signal is reasserted, this indicates that this is not the gap is completed, the error corrected first word of the 

sector which the SMD controller desires and a sector 55 daU field is loaded into the shift register and serially 

pulse is generated by the microprocessor and transmit- supplied to the SMD disk cxmtroller. While the first 

ted to the SMD disk controller. The microprocessor word of the data field is being supplied to the SMD disk 

also increments the address of the DRAM array to the controller, the second word of the data field is retrieved 

fint sector in the track specified by the SMD disk con- from the DRAM array, error corrected and stored in 
troUer. 60 the latch circuit, and when the last bit of the first word 

The sector pulse Initializes the disk emulator in a leaves the shift register the second word is loaded into 

manner that is identical to that previously described for the shift register and serially provided to the SMD disk 

the index pulse. Hence, the zeroth word, the address controller. This process continues until the sixty-third 

field, for the first sector of the track specified by the word of the sector, which is the &ixty*fourth and final 
SMD disk controller is retrieved, error corrected, and 65 word of the sector because the first word was the zeroth 

stored in the latch circuit. word, is provided to the SMD disk controller. After the 

In response to the sector pulse, the SMD disk con- sixty-third word leaves the shift register, the disk emula- 

troller asserts the read gate and the disk emulator again tor is disabled and provides a series of zero bits to the 
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SMD controller until another sector or index pulse is emulator has no mechanical or moving parts and since 

generated. the novel error correction process corrects hard mcm- 

When the central processor, which drives the SMD ory failures, the reliability of the disk emulator should 

controller, wants to write data to the disk emulator, the be significantly better than the reliability of prior art 

initial sequence of actions is identical to those in the 5 hard disk drives. 

read operation. The SMD disk controller issues a seek , 

command and provides the cylinder address and head BRIEF DESCRIPTION OF THE DRAWINGS 

address to initiate a write to the disk emulator. The nO. la and FIG. 16 illustrate the contents of a lypi- 

microprocessor upon receipt of the seek command and cal sector as defined by the SMD interface convention, 

cylinder and head address immediately issues an iiidex 10 p]Q, j illustrates a conceptual block diagram of the 

pulse and enters the rapid sector cycle. The initializa- architecture of the disk emulator of this invention, 

tion of the disk emulator and the retrieval of the zeroih FIGS. Z-^b are block diagrams of the major circuits 

word for the tcro sector of the track requested by the of the disk emulator of the present invention. 

SMD disk controller are identical to that previously pjQ 4^ piGS. 5-5* and FIGS. 6-66 arc schematic 

described. Accordingly the SMD controller again reads 15 diagrams of the interface between the SMD control 

the zeroth word and dcasserts the read gate at the write ^^3^,1^ gMD data cable and the disk emulator, 

splice portion of the sector. Next the controller initiates pjog 7.7^ ^nd FIGS. 8-«6 are schematic diagrams 

one of two actions; (1) if this is the sector to write, the ^1,^ diftcrential current mode drivers which interface 

wnte gate is asserted; or (2) if this is not the sector of selected lines in the dUk emulator with the SMD 

interest, the write gate is not asserted. 20 ^^y^ ^^c SMD control cable. 

If the wnte gate is not asserted, the microprocessor FIG. 9 is a schematic diagram of input control circuit 

contmucs to rapid y supply the zeroth word for the next g^, emulator. 

sector (sector one) m the track and then polls the wnte pj^g j^^^^^ schematic diagrams of 66.bit shift 

gate and the read gate to dctcnnme whether a ^^^^^^^ j„ emulator, and illustrates the 

IS asserted ^ Previously descnbed. When the correct 25 i^f.^connections to input control circuit 801. 66-bit 

^ctor IS located and the wnte gate » as^rt^d by the ^, , ^^0 and AND gate 593 which are also 

SMD disk controller, senal data is clocked mto the shift K * 

register and the microprocessor leaves the rapid sector * j schematic diagrams of latch circuit 

eye e mo e, , -.^ j- 1 i * u- 1. • 803 of the disk emulator and illustrates the connections 

A comparator circuit in the disk emulator, which is 30 , , ^ . . . . . mtui 

programmed to detect the data sync pattem prior to the °f ^"^^ "^I'-f "'L ° ^ ^ * • 

LidTess field, monitor, the dati in^he shift register J^-m are schematic diagrams of panty 

When the data sync pattern is detected, after two addi- . ,1^ 1 

tional clock pulses toVhe shift register, a signal is gcner- ^'^^J P^^^^ ^ ^^'^ .P*'^ ^ ^"^,1^' 

atcd which captures the first atbii word of the data 35 ^IG. 13 Ulustrat« the connections to multiplexer 

field which includes the data sync pattern in the latch "2* «^ P^^^^^/ «>J"I^' .^"^^ 

circuit. The locations in the shift register, which are ^"^^o" ^^^^ ^^P^ter 802 and Utch circuit 803 

monitored by the comparator circuit, are selected such emulator. . , 

that when the data sync pattern is detected, two addi- ^. * schematic diagram of comparator circuit 

tional clock pulses to the shift register are required to 40 in the disk emulator. 

load the first full 66.bit word of the data field com- »5 is a ^hematic diagram of wnte control cir- 

pletely into the shift register. While the next word is C"^^ ^ ^ ^^^^ emulator. 

entering the shift register the 66-bit word stored in the schematic diagrams of first gap 

latch circuit and the associated parity bit are written to counter circuit 808 and second gap counter circuit 809 

the DRAM array over the 67-bit parallel bus which 45 ^« disk emulator. , . . . 

consists of the 66-bit data bus and the parity bit line. FIG- 17 is a schematic diagram of byte clock circuit 

respectively. Also, the address for the DRAM an-ay is in the disk emulator. 

incremented to the next data word of the sector. FIGS. 18-186 schematic diagrams of read counter 

This sequence of operations is repeated for the second a^cuit 810 in the disk emulator, 

dau word through the sixty.third data word of the 50 FIGS. 19-196 schematic diagrams of the circuit of 

sector. Thus, sixty-four words arc written to the memory word counter 807 in the disk emulator. 

DRAM array for each sector. In addition to the 66 biu FIG. 20 is a schematic diagram of on-cylinder circuit 

of dau information, a parity bit is generated by the 840 in the disk emulator. 

circuitry in the disk emulator and is stored in the FIGS. 2l-2taa and 2tb are schematic diagrams of 

DRAM array as a 67th bit. After the sixty-fourth word 55 microprocessor 816 in the disk emulator, 

is written to the DRAM array, the disk emulator is FIGS. TJ-llbbb are a schematic diagram of ROM 

disabled until the SMD disk controller issues another translation circuit 819. 

sector or index pulse. FIG. 23 is a schematic diagram of sector/index cir- 

Since the DRAM array of the disk emulator is a cuit 817 of the disk emulator.* 

volatile memory storage element, the disk emulator 60 FIG. 24 is a schematic diagram of writing flag circuit 

contains back-up systems which protect the integrity of 811 in the disk emulator. 

the data in the DRAM array in the event that the power FIGS, 25-d are schematic diagrams of one of the 

supply voltage is disrupted. sixteen DRAM controllen used in the disk emulator. 

The disk emulator of this invention significantly im- FIGS. 26-266 are a block diagram illustrating one of 

proves both the seek time and the sector routional 65 the sixteen DRAM cards in the disk emulator, 

latency. Also, the data storage medium in the disk emu- FIGS. 27a through Tld are a schematic diagram of 

lator is used more efficiently than the dau storage me- buffer circuit 845 for the typical DRAM card in FIGS, 

dium in a conventional hard disk. Finally, since the disk 26fl and 266. 
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FIGS- 28 through 2Bcc illustrate one storage block of 104 over the parallel bus 112. 113. Conversely, when 
the four storage blocks used in each bank of a DRAM SMD disk controller 107 reads data from the disk emu- 
card in the disk emulator. lator. serializer/deserializer 102 functions in the scrial- 

FIG. 29 is a schematic diagram of RFRQ circuit Ml izer mode, converting the 66-bit parallel word, re- 
in the disk emulator. 5 trievcd from solid state memory 104 over parallel bus 

FIGS. 30o through 30k illustrate the read signals and 112, 113, into a serial data stream that is passed to the 
latch clock signals for reading the zeroth word of a SMD disk controller over a read data line 114. Also, 
sector without error. seriaJizer/descrializcr 102 generates a parity bit for each 

FIGS. 31-316 is a schematic diagram of latch clock/- 66-bit parallel word. As is described later, the parity bit 
error detection circuit 805 in the disk emulator. 10 is also stored in solid sute memory 104 and is used for 

FIG. 32 is a schematic diagram of the reset circuit in error correction, 
the disk emulator. In this embodiment, each track of data in the disk 

FIG. 33 is a schematic diagram of read/write gate emulator is comprised of thirty-two sectors which arc 
circuit 812 in the disk emulator. designated sector zero through sector thirty-one. Each 

FIGS. 34 through Maa illustrate the. signal response 15 sector is comprised of sixty-four 66-bit words (desig- 
of read counter circuit 810 to the rollover of first gap natcd within the sectors as word zero through word 
counter BOS. sixty-three). The zeroth word in each sector is used to 

FIGS. 35<i through 35; Ulustrate the sequence of sig- identify the sector and is the address for its respective 
nals for reading of the first through sixty-third words of sector. This word length allows the memory fetch tmi- 
the sector without error. 20 ing to be very conservative while still maintaining a 

FIGS. 36o through 36aa illustrate the response of very fast transfer rate to the SMD dUk controller. An 
read counter circuit 810 to the rollover of second gap additional benefit of the 66-bit word is the economy of 
counter 809 and to read counter 810. parity. For a long word, the stored parity bit is a small 

FIGS. 37fl through 37^ illustrate the signal response portion of the stored data. However, in view of the 
of write control circuit 806 after the data sync pattern is 25 description of the present invention, the design of a disk 
detected. emulator which utilizes a different word length ahd/or 

FIGS. 38fl through 38; illustrate the sequence of sig- sector length will be apparent to those skilled in the art. 
nals for writing data to the disk emulator. When SMD disk controller 107 wants to read data 

FIG. 39 is a schematic diagram of write B circuit 814 from the disk emulator or write data to the disk emula- 
in the disk emulator, 30 tor, SMD disk controller 107 sends a seek command to 

FIGS. 40a through 40; illustrate the sequences of control circuit 100 over an on-cylinder line 121. SMD 
signals for a read with error, disk controller 107 simultaneously provides the cylinder 

FIG. 41 IS a schematic diagram of the unit select and head address for the desired daU over cylindcr/- 
circuii in the disk emulator, head address bus 108 to address translation circuit 106. 

FIG. 42 is a schematic diagram of the clock zero and 35 Address translation circuit 106 converts the signals 
the clock one circuit in the disk emulator. provided by SMD disk controller 107 into the higher 

FIGS. 43-43C are a schematic diagram of a first por- order memory addresses for the date the SMD disk 
tion of SCSI back-up system 101 in the disk emulator. controller wishes to read or write. These addresses are 

FIGS. 44-44i> are schematic diagrams of the second provided to memory address selector 105 over higher 
and remaining portion of SCSI back-up system 101 in 40 order address bus 109. Unlike a typical hard disk which 
the disk emulator, must hunt for the specified track, the disk emulator 

FIGS. 45tf through 4$d identify the individual lines determines the address of the desired track instanto- 
included in the cables used in the disk emulator. neously using address translation circuit 106. Accord- 

FIG. 46 is a schematic diagram of SMD sector/index ingly, address translation circuit 106 eliminates the head 
circuit 818 in the disk emulator. 45 seek time associated with locating the specified track in 

FIGS. 41a through 47c are a listing of a BASIC com- a conventional hard disk drive, 
putcr program used to generate the ROM translation The control circuit 100. upon receiving the seek com- 
Uble used in one embodiment of this invention. mand, immediately issues an index pulse to SMD disk 

FIG. 48 is a partial output listing of the computer controller 107 indicating that the desired track has been 
program of FIGS. 47fl through 47c 50 located and control circuit 100 enters the rapid sector 

cycle. In the rapid sector cycle, control circuit 100 
DETAILED DESCRIPTION OF THE y^^^ generating the address in solid state memory 

INVENTION location of the zeroth word in the zero sector 

The disk emulation system of this invention is a solid (which is the address of sector atero) of the track speci- 
sute system for eliminating latency. The disk emulator 55 fied by SMD disk controller 107 and that address is 
complies with the SMD interface convention and thus transmitted over address bus 110 to memory address 
to the central processor and the SMD disk controller selector 105. 

the disk emulator appears as a disk drive with virtually Since the SMD controller 107 provided the cylinder 
a zero access time. A conceptual block diagram of the and head address information, which was translated by 
disk emulator is shown in FIG. 2. 60 address translation circuit 106 into the higher order 

Conceptually, a serializer/deserializer 102, in FIG. 2, addresses, and control circuit 100 generated the lower 
interfaces the solid state memory 104, a dynamic ran- order addresses, the location of the word that will ini- 
4om access memory (DRAM) array, of the disk craula- tially be provided to SMD disk conUoller 107 is corn- 
tor vnxh the SMD disk controUer 107. The serializcrA pletely specified. Accordingly the disk emulator fetches 
deserializer 102 functions in the deserializer mode and 65 the specified 66-bit word plus 1 parity bit and provides 
converts the serial data stream on a write data line 115 that word to error correction circuit 103 over parallel 
from the SMD disk controUer into 66-bil parallel words bus 112. Error correction circuit 103, using the parity 
that may be efficiently written into the DRAM array bit, analyzes the zeroth word (which is the address of 
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sector zero) as described below, and if a bit of the 66-bii circuit 103 corrects any hard error which occurred and 

word changed while the word was stored, after storage then the word is passed over the 66-bit parallel bus 113 

or during a read in the solid state memory, error correc- to serializer/deserializer 102. Serializer/descrializcr 102 

tion circuit 103 corrects the hard error. If the error is provides the first through sixty-third word of the sector 

not a hard error, error correction circuit 103, as de- 5 serially to SMD disk controller 107 over read data line 

scribed below, does not correct the error and so the 114 so that all sixty-four words in the sector, the address 

error is passed to disk controller 107 which does correct field plus the sixty*three words of data, are passed to the 

the error. disk controller. 

Inunediately after SMD disk controller 107 receives When the central processor, which drives SMD con- 
the index pulse from control circuit 100, SMD disk 10 troller 107, wants to write data to the disk emulator, the 

controller 107 asserts the read gate signal on read gate initial sequence of actions is identical to those in the 

line 119 to control circuit 100. Control circuit 100 then read operation. SMD disk controUcr 107 issues a seek 

loads the error corrected zcroth word, which is stored command to initiate a write to the disk emulator. Con- 

in error correction circuit 103, into serializer/deserial- trol circuit 100 upon receipt of. the seek command im- 

izer 102 over parallel bus 113. The SMD disk controller 15 mediately issues an index pulse and enters the rapid 

107 reads the zeroth word which is provided serially on sector cycle. Control circuit 100 supplies the zcroth 

read data line 114 by serializer/deserializer 102. word for the zero sector (the address of sector zero) of 

While the zeroth word of sector zero is being read by the track requested by SMD disk controller 107. SMD 

SMD disk controller 107, the disk emulator retrieves controller 107 again reads the zeroth word from scriali- 

the first word of the zeroth sector (which is a data 20 zer/deserializer 102 and deasserts the read gate at the 

word) from DRAM array 104 and provides the first write splice portion of the sector. Next the controller 

word and the stored parity bit to error correction cir- initiates one of two actions; (1) if this is the sector to 

cuit 103 on parallel bus 112. By loading the first word of write, the write gate is asserted; or (2) if this is not the 

sector zero into error correction circuit 103 at this time, sector of interest, the write gate is not asserted, 

if sector zero is the desired sector, the first word will be 25 If the write gate is not asserted, control circuit 100 

available as soon as it is requested by SMD controller continues to supply the zcroth word for the next sector 

107. in the track at a predetermined time, ten microseconds 

The SMD disk controller 107 deasserts the read gate in one embodiment, and then polls write gate line 120 to 

at the write spHcc field of the sector as shown in FIG. determine whether the write gate is asserted. Control 

and initiates one of three actions; (1) if this is the 30 circuit 100 continues to issue successive sector address 

sector to be read, the SMD disk controller reasserts the information and poll write gate line 120. When SMD 

read gate; (2) is this is the sector to be written in. the controller 107 receives the address of the desired sector, 

SMD disk controller asserts the write gate; or (3) if this the write gate is asserted by SMD disk controller 107, 

is not the sector of interest, neither the read gate nor the and serial data is clocked into serializer/deserializer 102 

write gate is asserted. 35 over write daU line 115. This is the first data word to be 

Control circuit 100 polls read gate line 119 and write stored in solid state memory 104. When an entire 66-bit 

gate line 120 for a predetermined time after issuing a word is in serializcr/descriiizer 102, the word is passed 

sector address and if neither the read gate signal nor the over 66-bit parallel bus 113 to error correction circuit 

write gate signal is detected, a sector pulse is supplied 103 where the word is temporarily stored. While the 

by control circuit 100 to SMD disk controller 107 over 40 next word is entering serializer/deserializer 102 from 

a sector pulse line 122. After the sector pulse, the zeroth SMD controller 107, a parity bit is generated for the 

word of the first sector (the address of sector one) of the 66-bit word stored in error correction circuit 103 and 

track requested by SMD disk controller 107 is loaded then this stored 66-bit word and the parity bit for that 

into serializer/deserializer 102 in a maimer identical to word are written to solid state memory 104 over 67-bit 

that described for the zeroth sector and SMD controller 45 parallel bus 113. This sequence is continued until a sec- 

107 reads this address word. The read gate line 119 and tor's worth of data, consisting of a 66-bit address word 

write gate line 120 are polled again by control circuit and sixty-three 66-bit data words, plus one parity bit for 

100 for a predetermined time after issuing the sector each word, is stored in the solid state memory 104. 

address and if the read gale or write gate is not detected, In the read/write operation, the disk emulator con- 

another sector pulse is supplied to SMD disk controller 50 verts the geometric address data provided by SMD disk 

107 by control circuit 100 and the zeroth word for the controller 107 into contiguous binary addresses and 

second sector is sent to SMD disk controller 107. Con- reads/writes the data at these addresses in solid state 

trol circuit 100 continues in this rapid sector cycle mode memory 104. This operation eliminates the seek time of 

to initiate a series of read cycles on the zeroth word of a hard disk because a data structure is generated that is 

consecutive sectors in the track until the read gate or 55 easily and rapidly addressed when SMD disk controller 

write gate is reasserted after the reading of the zeroth 107 wants to retrieve or write data, 

word. The solid state memory 104 of the disk emulator is a 

When the read gate is reasserted by SMD disk con- volatile memory storage element. If the power to the 

troller 107 over read gate line 119, control circuit 100 disk emulator were to fail, all the data stored in solid 

loads the first word of the sector, which is stored in 60 state memory 104 would be lost. Therefore, the disk 

error correction circuit 103, into serializer/deserializer emulator has several backup systems to ensure that this 

102 and then sequentially retrieves the second through does not happen. 

sixth-third word of the sector from DRAM array 104. It A battery backup module is a part of the solid state 

will be recalled from above that words one through memory 104, Should the line voltage fail, the battery 

sixty-three in each sector comprise the data words. As 65 backup module can support the memory structure for a 

each word is retrieved, the word and the related parity time related to the battery capacity. The backup system 

bit are passed over parallel bus 112 to the error correc- also includes a SCSI hard disk 101. If control circuit 100 

tion circuit 103. Using the parity bit, error correction senses that the battery power is faihng, then the dau 
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stored in the solid sutc memory 104 arc accessed by ing resistor network R54. R54.1 and the signal gcner- 

control circuit 100 through serializer/deserializer 102 aied on the output terminal of receiver 547 dnves the 

and the data are removed through the parallel path 118 write data complement line 735. In FIG. 4, FIG. 5, wid 

and stored on SCSI hard disk 101. Since SCSI hard disk FIG. 6 the size of the resistors in ohms is shown under 

101 is a nonvolatile media, the data can effectively be 5 the identification label. 

warehoused on the disk untO the power is restored at INPUT CONTROL CIRCUIT 

which time control circuit 100 restores the data in solid 

state memory 104 via an algorithm in software, given in The write data complement line 735 is one ofVae 
Microfiche Appendix A and incorporated herein by input lines to input control circuit «01 in FIG. 3. The 
reference^ which reprograms solid sute memory 104 to 10 schematic for input control circuit SOI is illustrated m 
the condition that existed when the disk emulator lost FIG. 9. During normal operation, input control circuit 
battery power. 801 determines the output signals on the senaJ data-tn 

While no. 2 Ulustratcs the basic structure of the disk line 737 to shift register 802 (HG, 10). 
emulator and is useful in conceptually visualizing the If the signal on write gate line 704 is high, the mput 
function of the disk emulator, FIGS. 4-29. 31-33, 39. 15 control circuit inverts the signals on write data comple- 
and 41-46 provide a circuit diagram of one embodiment ment line 735 and provides the resulting signals to the 
of the disk emulator of this invention. In FIGS, 4-29, serial daU-in line 737. The SMD/SCSI complement hne 
31-33, 39, and 41-46 are several integrated circuits. 725 and the SCSI serial dau line 735 to the input control 
Several of the integrated circuits are marked with a circuit 801 are used in the back-up operation of the disk 
reference character as well as a second number The 20 emulator and so during normal operation of the disk 
reference character has four numerical digits or less, emulator, the signal on line 736 is low, and the signal on 
while the second number has either alphanumeric char- line 725 is high. If the signal on write gate line 704 is 
acters or five numerical digits. The second number is low, the input control circuit generates a low signal on 
generally the industry standard identification number serial daU-in line 737 irrespective of the signal level on 
for integrated circuits. For example, IC indicated by 25 write dau complement line 735. 
reference character 1122 in FIG. 14 has a second num- SHIFT REGISTER 

ber of F521 which is the identification number for a 

Series 74 standard TTL integrated circuit. Similarly, in Shift register 802 in FIG. 3 is a 66-bit shift register 
the specification Series 74, standard TTL integrated which performs the serializer/deserialiier functions 
circuit identification is given for those integrated cir- K) described previously. Shift register 802 is comprised of 
cuits not identified in the drawings. For a detailed de- eight 74299 integrated circuits 1104-1111 and a 74194 
scription of the specific integrated circuits, sec for ex- integrated circuit 1121, as shown in FIG. 10. The 74299 
ample, The TTL Data Book Vol 2. Texas Instruments. integrated circuit flC) is an eight-bit register havmg 
1985. Two exceptions for the second identification multiplexed parallel input/output terminals. Signals on 
numbers are in FIG. 21 and FIG. 25. In FIG. 21. inte- 35 the two function-select input terminals SO. SI and two 
grated circuit indicated by reference character 1063 is output-control input terminals GO, Gl of the 74299 IC 
an Intel 805 1 microprocessor and in FIG. 25 integrated determine the mode of operation of each register m the 
circuit indicated by reference character 8207 is an Intel integrated circuit. The 74194 integrated circuit 1121 is a 
8207 DRAM controller. Since the circuit diagram, as 4 bit bidirectional shift register. Since integrated circuit 
shown in these figures, is complex, FIG. 3 illustrates the 40 1121 docs not have controlled parallel input/output 
major circuits in the disk emulator as block diagrams terminals, the three state buffers 297, 298 in FIG. 10 are 
and shows the interconnections between the major cir- connected to the output terminals QA and QB, respec- 
cuits. The general operation and interaction of the vari- tively, of integrated circuit 1121. 
ous circuits in FIG. 3 is considered first and then the In the write mode, when the shift register 802 func- 
integration of these circuits to perform read and write 45 tions as a deserializer, daU are supplied to shift register 
functions is described in more detail. 802 over serial daU-in line 737 and the data are shifted 

through shift register 802 by clock pulses on shift regis- 
DIFFERENTIAL CURJIENT MODE RECEIVERS ^{^^ 739 ^^ivch is cjonncctcd to each of the 

As shown in HG. 3, the SMD disk controller sends terminals CLK of integrated circuits 1104-1111, 1121 
data to the disk emulator over the SMD data cable. 30 and to the output terminal Y3 of multiplexer 1135. With 
Since the SMD disk controller provides differential the exception described below, as the data move 
signals, each pair of lines in the daU cable is connected through shift register 802, the data are simultaneously 
to a differential current mode receiver 800, only one of available on parallel bus 700. Accordingly, when a full 
which is shown in FIG. 3. FIG. 4, FIG. 5, and FIG. 6 66-bit word is in shift register 802, the 66-bit word is 
are schematic diagrams of the interface between the 35 available to the other circuits in FIG. 3 which arc on 
Imcs in the SMD data cable and the SMD control cable 66-bit parallel bus 700. 

and the lines in the disk emulator system. The schematic However, during the time interval when data are 
for the interface between the lines J4-20, J4-8, which being written into DRAM array 822, a high signal on 
provide daU from the SMD disk controller, and the the shift register output control line 740 from multi- 
write dau complement line 735 of the disk emulator is 60 plexer 1125 to the Urminals Gl. G2 of the integrated 
shown in FIG. 4. In this interface, which is also typical circuits 1104-1111 and the inverters on the control 
of the other interfaces shown in FIG. 4, FIG. 5, and terminal of the three-sute buffers 297, 298 tri-stales the 
FIG. 6, the differential signal on the lines J4-20, J4-B. parallel output terminals in the integrated circuits, and 
which represcnu the data to be stored in the disk emula- so during this time the signals in the registers of shift 
lor, is coupled to a differential current mode receiver 63 register 802 are not on 66-bit parallel bus 700. While the 
547 in a MC3450 integrated circuit (which is a generally parallel output terminals of shift register 802 are tri- 
available integrated circuit which may be purchased by sUte, daU are still being shifted through shift register 
ordering by that part number) through a line terminat- 802 on a serial data path. 
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In the read mode, when shift register 802 functions as tcr 802 to the read counter circuit 810, goes high. Since 
a seriaJizer a high signal on SI line 741 from read the signal on input terminal SO of each of the ICs 

counter circuit 810 (shown in FIGS. 3 and 18) is applied 1104-1111, 1121 is high during normal operation of the 

to terminals SI of integrated circuits 1104^1111, 1121. disk emulator, the parallel input terminals of the shift 
This high signal enables the parallel input terminals of 3 register which are connected to 66-bit parallel bus 700 

shift register 802 and consequently signals on parallel are enabled. Thus, the 66-bit word stored in latch circuit 

bus 700 are simultaneously parallel loaded into shift 803 i$ loaded into shiA register 802 over 66-bil parallel 
register 802. The 66-bit word is then shifted through the bus 700. Prior to the parallel transfer of the 66-bit word 

shift register onto serial data output line 738 by the from latch circuit 803 to shift register 802. the 66-bii 

clock pulses on shift register clock line 739. The se- 10 word is error corrected, as described below. The gener- 

quencc and generation of the control signals to shift ation and sequence of the control signals to latch circuit 

register 802 arc described in more detail below. go3 are also explained more fully below. 

The shift register 802 is cleared when the signal on since latch circuit 803 latches inverted data, the input 

sector/index cornglemcnt line 711. which is connected terminal of each register in latch circuit 803 is tied to the 

to each terminal CER of the ICs 1104-1111. 1121, goes 13 ^^^^^^ terminal of the register. Then, after a word is 

latched in latch circuit 803, a second clock pulse is 

LATCH CIRCUIT applied to latch circuit 803 on latch clock line 743 while 

^ ^. . , ^ «wr. , latch circuit 803 is in the enabled state. The second 

In wntmg to the disk emulator, the SMD disk con- ^,^1^ j^^ch circuit 803 to latch on the in- 

iroller provides data to shift register 802 at extremely 20 ^^^^ ^^^j^ ^ j^at latch circuit 803 now 

high speeds smce the disk emulator IS desi^^ ^^^^^ ^^^^^ ^han the inverted 

ate at a c ock frequency of up to 50 Megahertz If the ^^^^ ^^te modes. 

^tflL" h""' T'"'"^ wr.^ V.\^''^^^^T'J As shown in FIG. 11, the latch circuit is comprised of 

66.bn word exists on shift register 802 for only forty ^^^^ ^^^^ ^^^^^^ 1112-1120. A 74534 inte- 

nanoseconds, and it is extremely difilcuh to wnte a 25 . *:«u» u:* t«««.r*^ 

66.bii word from shift register M2 into DRAM array ^^'^f T uL^^JXll V^^^^ 

822 in this time frame. Thus, at the precise moment a '^'tf a !. T I J^n^^^^ 

66-bii word exists in shift register 802, latch clock/error ° a three-state output buffer. Accordingly, each of he 

detection circuit 805 (FIG. 3 and FIG. 31) generates a ^^^^^^ referred to Prc^^ously is a register m one of the 

clock pulse on latch clock line 743 which is connected 30 ^^^^^^^^ circuits 1112-1120, 

to the terminal CP of each of integrated circuits PARITY CIRCUIT 

1112-1120 comprising latch circuit 803, shown in FIG. . . . . t-t^ i 

11. This clock pulse captures in latch circuit 803 the The panty circuit m m 12isalsoon 

66-bit word from shift register 802 on parallel bus 700. 66.bii parallel bus 700. In the wnte mode, as previoi^ly 

The latched 66-bit word is available to be written to 35 described, after a 6W)it word is latched and inverted in 

DRAM array 822, while the next word is filling shift ^^^""^ c'^^"" ^^3' paralleMutput terminals of shift 

register 802. Hence, rather than requiring a write opera- register 802 are tnstatcd and the output terminals of 

tion to the DRAM array 822 in 40 nanoseconds, the ^^^^h circuit 803 are enabled; The m verted word is 

write simply must be performed within 2.6 microsec- again inverted so as to obtam the ongmal word m latch 

gnjjj 4Q circuit 803. Consequently, the original 66-bit word 

After the data are latched in circuit 803. a signal on stored in latch circuit 803 is on parallel bus line 700 and 

shift register output control line 740. described above. therefore the 66-bit word is input to the panty genera- 

from multiplexer 1125 trisutes buffer 296 in FIG. 11 ^ion circuit 804. The parity generation circuit provides 

and the parallel output terminals of shift register 802 an even parity signal on parity bit line 744 to latch cir- 

which are connected to parallel bus 700. Simulu- 45 cuit 803 which in turn passes the parity bit to DRAM 

ncously. a low signal is provided on latch output enable array 822 over line D(0). The generation of the parity 

line 742. which is connected to terminal OE of each hit using the word in latch circuit 803 is one of the 

integrated circuit 1112-1120 and to the output terminal features of the disk emulator which enables the disk 

Y4 of multiplexer 1125. Thus, the low signal on line 742 emulator to work at clock frequencies as high as 50 

enables the output terminals of integrated circuits 50 MHz. 

1112-1120 and consequently provides the 66-bit word In the read mode, the output function of the parallel 

stored in the latches of latch circuit 802 to 66-bit paraUel input/output terminals in shift register 802 are tri-sUte. 

bus 700, because each line D(l>-D(66) of parallel bus Thus, the 66-bit word on parallel bus 700 from DRAM 

700 is connected to an output terminal of one of the array 822 is only available to latch circuit 803 and parity 

latches in integrated circuits 1112-1120. as shown in 55 circuit 804. When latch circuit 803 captures the 66-bit 

FIG. 11. At this time, the 66-bit word is also provided to word and the stored parity bit from DRAM array 822. 

parity circuit 804 (FIG. 3 and FIG. 12) and conse- parity circuit 804 provides a new parity bit on parity bit 

quently parity circuit 804 generates a parity bit for the line 744. which corresponds to the parity of the word 

66-bit word stored in circuit 803 on, parity bit line 744. retrieved from DRAM array 822. The new parity bit is 

In the read mode, the word on 66-bit parallel bus 700 60 provided only to the first input terminal of Exclusive 

and the parity bit on line D(0), both from the DRAM OR gate 302. 

array 822. are latched in latch circuit 803 by a clock The stored parity bit from the DRAM array is pro- 
pulse on latch clock line 743 from latch clock/error vided to the second terminal of Exclusive OR gate 302 
detection circuit 805. When shift register 802 is ready to on line D(0). Thus, if the output signal from Exclusive 
receive a new word, the signal on latch output enable 65 OR gate 302 is high, an error occurred while the word 
line 722 to latch circuit 803 is low and the signal on SI was stored, after storage, or during read in DRAM 
line 741. which connects each input terminal SI of each array 822 of the disk emulator and the error correction 
of the integrated circuits 1104-1111, 1121 in shift regis- method, described below, corrects the error. 
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The parity circuit 804 in FIG. 3 is comprised of ten The 64 sixty-six bit words stored by the disk emulator 
74280 integrated circuits 1094-1103 which are imercon- as a sector comprise a zeroth word which is the address 
nected with each other and the parallel bus 700 as field for the sector and the first word through the sixty- 
shown in FIG. 12. third word which comprise the data field of the sector. 

• 5 Accordingly, to capture only sector specific data in the 

MULTIPLEXER ^^^^ n^Q^e^ a means is needed to ascertain when the 

The multiplexer 1125 in FIG. 3 and FIG. 13 selects address field is in shift register «02 and when each of the 

control signals which are applied to shift register 802 first word through sixty-third words, compnsmg the 

and latch circuit 803. Multiplexer 1125 has two sets of data field, are in shift register 802. or, in terms of the 

input lines. The first set of input lines, described below, 10 previous description, the first clock signal to the latch 

provides read control signals to shift register 802 and circuit 803 on latch clock line 74J must be generated 

latch circuit 803 while the second set of input lines, also when the address field is in the shift register and "lother 

described below, provides write control signals. clock signal on latch clock line 743 must be generated as 

When the signal on writing line 709, which connects each word of the daU field fills shift register 802. 

writing nag circuit 811 (FIG. 3 and FIG, 24) to the After the first word of the data field b delected, the 

input terminal TiTh of multiplexer 1125 (FIG. 3 and SMD disk controller provides a continuous strMo of 

FIG. 13) is low. the first set of input lines is coupled to data so that a counter circuit which accumulated the 

the output terminals of multiplexer 1125, The signal on number of clock pulses to shift register 802 

read B complement Une 146 from Utch clock/error ated a clock signal to latch circuit 803 for each 66-bit 

detection circuit 805 (HG. 3 and FIG. 31) is applied to word would capture the remaining words m the s«:tor, 

the first output terminal of multiplexer 1125; the posi- Also, by counting the number of clock pulses to latch 

tive supply voltage on line 749 is applied to the second circuit 803, the end of the sector can be determined^ 

output terminal of multiplexer 1125; the signal on clock Comparator circuit 815, write control circuit 806, and 

zero line 728 is applied to the third output terminal of memory word counter circuit 807 in FIG. 3 implement 

multiplexer 1125 and the signal on read B line 745 from this conceptual approach. 

latch clock/error detection circuit 805 is applied to the The detection of the address field, the reroth word of 
fourth output terminal of multiplexer 1125. the sector, and the first word of the data field is facili- 
If the signal on writing line 709 is high, the second set tated by the SMD interface convention. As shown m 
of input lines is coupled to the output terminals. That is. ^ FIG. 1, the address field 13 and the daU field 17 are 
the positive supply voltage on line 749. the signal on each proceeded by a one byte sync pattern 13fl, 16. The 
write B line 747 from write B circuit 814 (FIG. 3 and sync patterns 13^, 16 are usually the same, but in some 
FIG- 39), the signal on write clock line 750, and the embodiments of the SMD interface convention they are 
signal on write B complement line 748 from write B different. Therefore, comparator circuit 815 has two 
circuit 814 are applied to output terminals Yl to V4 of 35 comparators. The first comparator is programmed to 
multiplexer 1125, respectively. detect the sync pattern in the address field on the 66-bit 
The multiplexer 1125, as shown in FIG. 13, is a 74157 parallel bus 700 and the second comparator is pro- 
integrated circuit. The 74157 integrated circuit is a quad grammed to detect the sync pattern m front of the data 
two input multiplexer which selects four bits of data field 17, - • r 
from two sources under the conuol of the signal on the 40 The comparator circuit 815 is composed of two 
input terminal aTB. 74F52I integrated circuits 1122, 1123 and two eight 
The shift register 802, parity circuit 804, and latch position DIP switches 291, 292. as shown w FIG. 14. 
circuit 803 are utUixed both in reading data from The 74F521 integrated circuit is an eight bit identity 
DRAM array 822 and in writing data to DRAM array comparator. To program the comparators, the Jmes 
822. Thus, these circuits perform a dual function and 45 IX10>-D(3) of 66-bit parallel bus 70O are connected to 
their mode of operation is determined by the additional the input terminals Pa-P7 respectively of comparator 
circuitry shown in FIG. 3. Utilizing shift register 802, integrated circuit 1123 and to the input terminals P0-P7 
parity circuit 804 and latch circuit 803 for both read and respectively of comparator mtegrated circuit 1 122. No- 
write operations minimiics the number of components lice that for lines D(3)-D(10), the mmiber of the line 
in the disk emulator which reduces both the cost and 50 does correspond to the bit of the word and m fact, line 
the size of the circuitry. I>(3) carries the signal corresponding to the tenth bit of 

the word while line D(10) carries the signal correspond- 

COMPARATOR CIRCUIT third bit of the word. 

In the write operation, all the data which comes from Each of the input terminals Q0-Q7 of the comparator 

the SMD disk controller is not stored in DRAM array 55 integrated circuit 1123 is connected to the positive sup- 

822. Only the address field and the dau field of each ply voltage through a resistor in resistor package 294 

sector, as shown in FIG. 1, are unique. Therefore, the and to ground through one of the switches in the eighth 

disk emulator of this invention is designed to strip away position dip switch 291, Similarly, the terminals Q0-Q7 

the nonsector-specific data from the data provided by of integrated circuit 1122 are connected to the positive 

the SMD disk controller and to store in the disk emula- 60 supply voluge through a resistor in resistor package 

tor's DRAM anay 822 only the date which are sector 293 and to ground through one of the switches in the 

specific. This approach also reduces the cost and size of eight position dip switch 292. By opening and closing 

the disk emulator, because the size of DRAM array 822 the appropriate switches in the eight position dip 

is reduced. However, more importantly, as explained switches prior to using the dbk emulator, the signals on 

later, this approach significantly enhances the utiliza- 65 the terminals Q(M37 of comparators 1122, 1123 may be 

tion of the storage medium in comparison to the utiliza- set so that the comparators wiU detect any 8 bit sync 

tion of the storage medium of a conventional hard disk pattern used in implementation of the SMD interface 

c^fiv^, convention. 



07/20/2004, EAST Version: 1.4.1 



5.218,691 

21 22 

When the comparator circuit 815 detects the pro- counter in memory word counter circuit 807 (FIG. 3 

grammcd address sync pattern (block 13ff in FIG. 1). a and FIG. 19). Write control circuit 806 (FIG. 3 and 

low signal is generated on the address sync detection FIG. 15) continues to generate a signal on load wriie 

complement line 752 to write control circuit 806. Simi- latch line 717, write line 716, and write counter line 715 

larly, when the data sync pattern (16) is detected, a low 5 for each 66-bil word of the data field, 

signal is generated on the data sync detection comple- Memory word counter circuit 807 supplies a signal on 

ment line 753 to write control circuit 806 (FIG. 3 and word address 2-^ complement line 756 to write con- 

FIG. 15). trol circuit 806 which enables write control circuit 806 

To prevent spurious signals on lines 752, 753 due to to count the second through sixty-third words of the 
data patterns that lock like sync patterns, memory word 10 data field. When the signal corresponding to the sixty- 
counter circuit 807 (FIG. 3 and RG. 19) generates a third and last word of the dau field is generated by 
signal on address zero detection complement line 754 write control circuit 806 on write counter clock line 
which disables the address sync comparator except 715, memory word counter circuit 807 generates a see- 
when the comparator is needed to detect the address tor full signal which is applied to write control circuit 
sync pattern. Memory word counter 807 also generates 15 806 on sector full line 757. The signal on sector full line 
a signal on address one detection complement line 755 757 disables write control circuit 806. 
which disables the data sync comparator except when The counter in write control circuit 806 is a sixty-six 
the comparator is needed to detect the data sync pat- bit counter comprised of 74F161A integrated circuits 
tern. The generation and timing of these signals are 1027, 1028 as shown in FIG. 15. The 74F161A inte- 
discusscd more completely below. 20 grated circuit is a synchronous four bit binary counter. 

^^vTT^A^T ^,«r.iTT-T. ^Icar functJOB for four bit binary counters 1027, 

WRITE CONTROL CIRCUIT jo28 is asynchronous and clears all four of the fiip-flops 

The next clock pulse on the write clock line 750 after in the counter to a low signal irrespective of the clocks 

detection of the programmed address sync pattern by load or enable input signals. 

comparator circuit 815 shifts the one additional bit 25 The counters 1027. 1028 arc programmed to count 

through shift register 802 and in combination with the sixty-six clock pulses on write clock hnc 750 and then 

low signal on address sync detection complement line roll over. The input terminals A, B, C, D of integrated 

752 enables write control circuit 806. The second clock circuit 1027 and input terminals A, B of integrated cir- 

pulse on write clock line 750 after detection of the pro- cuit 1028 are connected to ground. The input terminals 

grammed address sync pattern shifts the data a second 30 C, D of integrated circuit 1028 are connected to the 

additional bit through shift register 802 and write con- positive supply voltage The counters 1027, 1028 are 

trol circuit 806 generates a signal on load write latch cascaded so that when the ripple carry output terminal 

line 717 to latch clock/error detection circuit 805. As of counter 1027 is high counter 1023 is enabled. A low 

will be described later, latch clock/error detection cir- signal on terminal DD of counters 1027, 1028 disables 

cuit 805 generates a clock pulse on latch clock line 743 35 the counters and on the next clock pulse on the write 

when the signal on load write latch line 717 is received. clock line 750 to terminal CLK of counters 1027, 1028 

Hence, two clock pulses after the detection of the ad- the counters are loaded with the signals on their input 

dress sync pattern the 66-bit word in shift register 802 is terminals, irrespective of the signals on the terminals 

loaded into latch circuit 803. ENT, ENP. Thus, counters 1027. 1028 comprise a 

The timing sequence between the detection of the 40 counter that is programmed to count sixty-six clock 

sync pattern by comparator circuit 815 and the genera- pulses on write clock line 750. 

tion of the latch clock pulse dictates the location of the u/wfxixrr' vi An r^ivriTiT 

comparator circuit 815 on 66-bit parallel bus 700. If the WKl I jjnu ri^u ciKCUi J 

number of clock pulses between the detection of the The writing flag circuit 811, illustrated in FIG. 3 and 

sync pattern and the generation ofa clock pulse on latch 45 FIG. 24, provides a high signal to the write control 

clock line 743 is n. then the comparators must be lo- circuit 806 on writing complement line 710 which inhib- 

caied at positions n -f I through n + 8 on the 66-bit paral- its the operation of write control circuit 806 when the 

lei bus 700 where the first position on the 66-bit parallel signal on write gate line 704 from R/W gate circuit 812 

bus 700 is the most significant bit ofthe word and n=l. (FIG. 3 and FIG. 33) is low, Conversely, when the 

After the write control circuit 806 (FIG. 3 and FIG. 50 signal on write gate line 704 is high, writing flag circuit 

15) generates a signal on load write latch line 717, write 811 generates a low signal on writing complement line 

control circuit 806 subsequently generates a high signal 710. The writing flag circuit also generates signals on 

on the write line 716 to write B circuit 814 (FIG. 3 and writing line 709, which control multiplexer 1125, as 

FIG. 39). The write B circuit 814 then generates signals previously described, and which inhibit operation of 

on the write B line 747 and write B complement line 748 55 read counter 810 (FIG. 3 and FIG. 18) when daU are 

to multiplexer 1125 (FIG. 3 and FIG. 13), described written to the disk emulator. The signal on writing line 

previously. The low signal on write B com plement line 709 from writing flag circuit 811 also is used in latch 

748 is also applied to input terminal WRB of the 8207 clock/error detection circuit 805 (FIG. 3 and FIGi 31), 

DRAM controllers 820 (FIG. 3 and FIG. 25) which in as will be described more cotnpletely below, to generate 

turn enables the area in the DRAM array 822 where the 60 the read control signals, 

word from latch circuit 803 and the associated parity bit p /u; a xc r^io ni tix 

on parallel bus 700 are to be written. * ^ ciKV^ui i 

After write control circuit 806 generates the signals R/W gate circuit 812, illustrated in FIG. 3 and FIG. 

which latch and write the first word in the data field to 33. is coupled to writing flag circuit 811 by write gate 

Che DRAM array 822. write control circuit 806 gener- 65 line 704 and also to input control circuit 801 (FIG. 3 and 

ates a signal on write counter clock line 715 to the first FIG. 9) by write gate line 704. Read/write gate Une 705 

input terminal of NAND gate 406 (FIG. 3). NAND couples R/W gate circuit 815 and microprocessor 816. 

gate 406 generates a signal which increments the The tag-3 complement line, bit-0 line and bit- 1 line from 
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receivers connected to the SMD control cable are input the counters so thai after the counters are loaded, the 
lines to R/W gate circuit 812. counters count the number of bytes prior to the address 

When the SMD disk controller wants to write to the field in the sector. Hence, the gap size is programmable, 
disk emulator, the bit-0 line and the iag-3 line are used The counter terminal D/U of counters 1013, lOU is 
to assert the write gate, while for reading the bit-1 line 5 connected to the positive power supply voltage so that 
and the ug-3 line are used lo assen the read gate. R/W the gap counters count down and roll over when the 
gate circuit 812 generates the read gate, write gate and programmed number of bytes is reached. The second 
read/write gate signals based upon the signals received gap counter 809 (FIG. 3 and FIG. 16) is comprised of 
from the SMD disk controller on the bil-0, bit-1 and counters 1011, 1012 which are also 74F191 integrated 
tag-3 lines. 10 circuits, and the input terminals of the counters are 

connected to ground and to the positive power supply 
READ CONTROL CIRCUIT voltage in a manner identical to that described for first 

The read operation of the disk emulator is imple- gap counter 808. 
mented using the read control circuit (comprised of the BYTE CLOCK CIRCUIT 

first gap counter 808, the second gap counter 809, and 15 

the read counter 810), latch clock/error detection cir- Both first gap counter 808 and second gap counter 
cuit 805. and memory word counter circuit 807 in con- 809 are clocked by byte clock circuit 813 (FIG. 3 and 
junction with microprocessor 816, DRAM array 822. FIG, 17). The byte clock circuit is comprised of a 
shift register 802. latch circuit 803 and parity circuit 804 74F19 1 integrated circuit which has a byte clock output 
(FIG. 3). To read from the disk emulator, the word is 20 line 785 tied to its output terminal ()C and is clocked by 
retrieved from DRAM array 822, placed in latch circuit the clock pulses on clock zero line 728. as shown m 
803, error corrected, and then loaded into shift register FIG. 17. Thus, the first clock pulse on byte clock line 
802 where the word is shifted cut onto serial data output 785 occurs after eight clock pulses on clock zero hnc 
line 738. 728 and subsequent clock pulses on byte clock line 785 

However, as described above, the entire sector is not 25 occur after every additional eight clock pulses on clock 
stored in DRAM array 822 but rather, only the address zero line 728. 

field is stored as the zeroth word of the sector and the The use of the byte clock and the programmable 
dau field is stored as the words one through sixty-three cascaded counters in the first gap counter 808 and the 
of the sector. Accordingly, since the SMD controller second gap counter 809 provides the maximum degree 
expects to sec the entire sector, as shown in FIG. 1, the 30 of flexibility in setting the gap size with a minimum 
disk emulator must recreate the information which was number of components. Since the number of byt« in the 
stripped away in the write operation, i.e., the first gap first and second gaps may be different for different 
between the start ofthe sector and the address field and impleroenUtions of the SMD interface convention, 
the second gap between the address field and the data these circuits allow the user to easily modify the size of 
field. This is the first function of the read control circuit. 35 the gaps so that the disk emulator is compatible with the 
Read counter circuit 810 (FIG. 3) clocks a series of zero version of the SMD interface on the user's computer, 
bits to AND gate 593 (FIG. 3) over output zero compic- READ COUNTER CIRCUIT 

ment line 730. The precise number of zeros to be 

clocked is determined by first gap counter 808 and When first gap counter 808 counte down to zero from 
second gap counter 809. 40 the number of preset bytes, the counter generates a 

signal on line 722 to read counter 810 (FIG, 3 and FIG. 
FIRST AND SECOND GAP COUNTER jg) y^i^ f^om first gap counter 808 causes the 

CIRCUITS yg^j counter 810 to cease the generation of zero signals 

First gap counter 808 (FIG. 3 and FIG. 16) is com- on output zero complement line 730 to AND gate 593 
prised of counters 1013. 1014, which are 74FI91 inte- 45 and to simultaneously generate a signal on SI line, i.e.. 
grated circuits, and the six-position dip switch S2 as line 741, to shift register 802 which loads the word 
shown in FIG. 16. The 74F191 integrated circuit is a stored in latch circuit 803 into shift register 802. Also, a 
synchronous reversible up/down counter having four counter is started in read counter circuit 810 (FIG. 3) 
master-slave flip-flops that are triggered on a low-to- which is used to determine when the 66-bit word is 
high transition of the clock signal on the clock input 50 shifted out of shift register 802, 
terminal CLK if the enable input terminal 5 is held low. While the word is being shifted out. read counter 810 
A high signal at the enable input terminal C inhibits generates a read signal on read line 733 to latch clock/- 
counting. The counters are programmed by placing a error detection circuit 805 (FIG. 3 and FIG. 31) which 
low signal on the load input terminal TD and entering causes circuit 805 to provide a high signal on read B line 
the desired data on the counter's input terminals. As 33 745 to multiplexer 1125 and a low signal on read 8 corn- 
shown in FIG. 16, the c ounter s 1013 1014 are cascaded, plement line 746 to multiplexer 1125 (FIG. 3 and FIG. 
i.e.. the output terminal RCO of counter 1013 is tied to 13). The low signal on read B complement 746 is also 
the enable terminal Tj of counter 1014 to permit a transmitted to 8207 DRAM controller 820 and the 
greater count capability. DRAM controller 820 provides the next 66-bit word 

To utilize the programmable capability of counters 60 and the associated parity bit to a 67 -bit paraUel bus, i.e., 
1013, 1014. the input terminals A. B, C, D of counter 66-bit parallel bus 700 and line D(0) (FIG. 3). The 8207 
1013 and the input terminals A, B of counter 1014 are DRAM controller 820 also provides a signal to latch 
connected to the positive power supply voluge clock/error detection circuit 805 which captures the 
through a resistor and also to ground through a switch word on the 66-bit parallel bus 700 in latch circuit 803. 
in the six-position dip switch S2. The input terminals C, 65 After this, the counter in read counter circuit 810 gener- 
D of counter 1014 are connected to ground. The ates another signal to the latch clock/error detection 
switches in the six-position dip switch are open and circuit 805 over read counter TC line 781 which inverts 
closed to program the signals on the input terminals of the word captured in latch circuit 803, so that the word 
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is in a normal mode. Read counter circuit 810 also gen- 
erates a signal on read counter line 732 to NAND gate 
406 (FIG. 3). The resulting output signal from NAND 
gate 406 increments memory word counter circuit 807. 

After the zeroth word is shifted out of shift register 5 
802. read counter circuit 810 again generates a series of 
zero bits on the output zero complement line 730 until 
the second gap counter. 809 (FIG. 3) rolls over and 
generates a signal on second gap counter cinry line 721 
to read counter 810. The response of read counter 810 10 
to the signal on line 721 is similar to the response de- 
scribed when the first gap counter 808 rolled over. 

In fact, the read counter circuit 810 generates the 
same sequence of signals until memory word counter 
807 determines that the 64 words (address word plus IS 
sixty-three data words) comprising the sector have been 
read and generates a sector full signal on line 758 to read 
counter circuit 810 which disables read counter 810. 
During a write operation, when the read counter con- 
trol circuit is not needed, the low signal on writing line 20 
709 from writing Hag circuit 811 is used to inhibit read 
counter circuit 810. 

The counter in read counter 610 is comprised of two 
74F163A integrated circuits 1022, 1023 as shown in 
FIG. 18 and the counter in memory word counter 807 25 
is similarly comprised of two 74F163A integrated cir- 
cuits 1054, 1055 as shown in FIG. 19, The 74F163A 
integrated circuit is identical to the 74F161 A integrated 
circuit of write control circuit 806 described previously, 
except the clear function of the 74F163A integrated 30 
circuit is synchronous. Hence, counters 1022, 1023 and 
counters 1054, 1055 are both coupled and programmed 
in the same manner as previously described for counters 
1027, 1028 in write control circuit 806. 

ADDRESSING THE DRAM ARRAY 

The previous description of the disk emulator ex- 
plained in general terms how a word is passed between 
latch circuit 803. shift register 802 and the SMD disk 
controller. However, the disk emulator must locate and 40 
address the sector of the track requested by the SMD 
disk controller. This is accomplished through ROM 
translation circuit 819, memory word counter circuit 
807 and microprocessor 816 in conjunction with 8207 
DRAM controller 820 and DRAM array 822 (FIG. 3). 43 

The SMD disk controller is designed to interface 
with rotating data storage systems. The SMD disk con- 
troller addresses data only in terms of head, sector, 
track, and cylinder. Disk drives, unlike solid state mem- 
ory, address data memory with this geometric structure* SO 
Solid state memory, i.e., the DRAM array of this inven- 
tion, requires contiguous binary addresses. 

When the SMD controller accesses a disk, the desired 
head and track data are usually provided as digital data. 
Disk controllers rarely provide contiguous binary ad- 55 
dresses. Therefore, to interface the disk emulator with 
the SMD disk controller, the disk address information, 
the head and track data, provided by the SMD control- 
ler must be translated into a binary structure suitable for 
addressing a solid state memory. 60 

Two different means are available for translating the 
geometrical form of the address information to the bi- 
nary structure suitable for addressing solid state mem- 
ory. In the first method the portion of the computer 
operating system which interfaces with the disk emula- 63 
tor, i.e., the SMD disk controller, is modified. The mod- 
ifications are made in the software disk driver that con- 
trols the disk emulator. In this method, the software 
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disk driver is configured so that the driven disk has a 
binary number of heads, sectors, and cylinders. Thus, 
the information presented by the disk controller to the 
disk emulator describes contiguous binary addresses. 
Accordingly, in this method since the disk controller 
has been modified to generate a contiguous binary ad- 
dresses, these addresses are simply used by the disk 
emulator to address the solid state memory. Hence, in 
this embodiment. ROM translator circuit 819 (not 
shown) is comprised of latches which capture the ad- 
dresses provided by the SMD disk controller. 

In a second method, ROM translation circuit 819 
(FIG. 3 and FIGS. 22^ and 22*) converts the disk re- 
lated track and head information from the SMD disk 
controller into higher order address bits for DRAM 
array 822. A computer algorithm, shown in FIGS. Ala 
to 47c, was used to develop (he translation table which 
resides in a 256KX8 ROM. The ROM translates the 
consecutive geometric addresses from the SMD disk 
controller to contiguous binary addresses which are 
used to address the DRAM array 822. 

Hence, unlike an ordinary hard disk, where the head 
iterative! y crosses the disk to the desired track and waits 
for the desired sector, the disk emulator, using either the 
modified disk controller or the translation table, instan- 
taneously creates the effect of the head tracking across 
the disk. When the SMD disk controller issues a seek 
command, the positioning within the disk emulator 
occurs virtually instantaneously. 

The elimination of the seek time, associated with 
locating the track specified by the SMD controller is a 
significant advantage of the disk emulator. On a con- 
ventional disk, the data sought by the SMD disk con- 
troller may be located on several tracks in difTerent 
areas of the disk. Hence, the track location delay, the 
seek time, is imposed multiple times in locating the data, 
but with the disk emulator there is no delay time and 
hence the disk emulator is significantly faster than a 
conventional hard disk drive. 

ROM TRANSLATION CIRCUIT 

The head and track information is provided by the 
SMD controller over the SMD control cable. The disk 
emulator uses a receiver for each pair of lines in the 
SMD control cable, as shown in FIG. 4, FIG. 5 and 
FIG. 6, which converts the differential signal on each 
pair of lines to a logic signal which is processed by the 
disk emulator. The signals from the receivers are trans- 
lated in ROM translation circuit 819 and the addresses 
generated are latched in ROM translation circuit 819. 
As used herein, higher order addresses mean the ad- 
dresses for DRAM array 822 which correspond to the 
head and track address in a conventional hard disk and 
lower order addresses mean the addresses of DRAM 
array 822 which correspond to the sector of the track 
and the location within the sector. 

DRAM CONTROLLERS AND DRAM ARRAY 

The output signal, corresponding to the highest order 
address from ROM translation circuit 819, on the card 
select line 792 enables one of the sixteen DRAM cards 
comprising the DRAM array 822 (FIG. 3). One DRAM 
card is illustrated in HGS. 26ia and 26b and will be 
described fully hereinafter. Each of the sixteen DRAM 
cards in DRAM array 822 interfaces with one of the 
sixteen 8207 DRAM controllers in DRAM controller 
circuit 820 and each card contains four banks of 2S6K 
DRAM integrated circuits. In one embodiment, the 
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B207 DRAM controller is physically located on the rapid sector cycle. In the rapid sector cycle, themicro- 

DRAM card so that DRAM controller circuit 820 and processor sets the sector address to rero on the POO line 

DRAM array 822 in FIG. 3 are integrated together and through P04, lines 786-790 (FIG, 3). and issues an index 

comprise sixteen DRAM cards, with each card having pulse. , u 

a 8207 DRAM controller and four banks of DRAM. 5 The index pulse iniUalizcs the word address Tor the 

Since each bank on a DRAM card stores a 66.bit sector to zero in memory word counter 807 and latchw 

word and the related parity bit and each bit of the 66-bit the signals on POO through P04 lines in memory word 

word and the related parity bit are stored in a separate counter circuit 807 (HG. 3). Memory word counter 

DRAM integrated circuit, each bank contains at least circuit 807 generates signals on sector address bus 793 

sixty-seven 256K DRAM integrated circuits. This con- 10 and the word address bus 7M ^Wch are connect to 

figuration on the DRAM cards limits the probability of the lower order address terminals of 8^07 ^^M con- 

a DRAM integrated circuit failure, for example, two trollcr 820. The B2C7 DRAM controller 820 addre«^ 

bits of the same word arc wrong and also provides a the specified area in DRAM array 822 over DRAM 

DRAM array configuration which functions at high address bus 795 and the zcroth word of the 

speed 15 tor and the associated parity bit arc supplied to o6-bit 

Normally, the pre<harge effect of DRAM limits the parallel bus 700 and the line D(0) respectively. The line 

speed with which data may be written to or retrieved D(0) and the 66-bit parallel bus are a 67.bit par^lel bus. 

from DRAM- However, in the disk emulator, the words If this location corresponds to the track sector 

are written consecutively to the banks on a DRAM requested by the SMD disk controller, the SMD disk 

card. i.e. the data is interleaved on a DRAM card. 20 controller asserts cither the read gate or wntc gate and 

Therefore, the prc-charge effect does not limit the per- the remaining words of the sector are addressed by 

formance of DRAM array 822. memory word counter circuit 807 over word address 

While the highest order address from ROM transla- bus 794. Accordingly, microprocessor circuit 816 polls 
tion circuit 819 selecu one DRAM card, the remaining the signal on read/write gate line 705 to determine if 
higher order addresses from the ROM translation cir- 25 either gate is asserted v^athin a predetcrmmed tmfic. for 
cuit 819 arc applied to the higher order address tcrmi- example, 10 microseconds, after issuing the sector ad- 
nals of the 8207 DRAM controller on each of the six- dress. The actual length of the predetcrmmed time is 
teen cards. However, since only one of the sixteen cards explained more completely below. If cither gate is as- 
is enabled, only the 8207 DRAM controller on the sertcd within the predetermined time, microprocessor 
enabled card actually addresses a location within M) 816 immediately leaves the rapid sector cycle. 
DRAM array 822. Accordingly, as used herein, a refer- If the read gate or write gate was not asserted, micro- 
encc to 8207 DRAM controller means the 8207 DRAM processor 816 continues, incrcmentmg the sector ad- 
controller on the DRAM card which is enabled by the dress by one on POO through P04 Unes 786-790. and 
highest order address from ROM translation circuit issues a sector pulse. The sector pulse mitializcs mem- 
gj9 35 ory word counter 807 in the same manner as the index 
. Even though ROM translation circuit 819 (FIG. 3) pulse. Again, the microprocessor waits a predetermined 
identifies the addresses in DRAM array 822 which time and checks the gates. 

corresponds to the head and track position specified by Each sector pulse resets word counter circuit 807, so 

the SMD disk controller, the sector information is not that the addresses of the leroth word of each new sec- 
provided by the SMD disk controller because normally 40 tor arc supplied to 8207 DRAM oontroUer arcuit 820 

the disk simply positions the head over the track and over word address bus 794. Thus, the zcroth word of 

waits for the right sector to move under the head. each sector is read by the SMD disk controller at pr«J€- 

Hencc, the disk emulator must also generate a lower termined intervals until the desired sector is found. If 

order address that corresponds to the desired sector the desired sector is the last one on the Uack, i e. the 
within the track. " 45 thirty-second one. assuming the predetermined time is 

While the disk emulator is described as having 16 10 >tsec 320 microseconds (10 ftsecX 32) are required to 

DRAM cards and 256K DRAM integrated circuits. locate the sector. Compared to the 16 milhseconds of 

these characteristics arc illustrative and arc not intended uncertainty with a conventional hard disk drive, the 

to limit the scope of the invention. The memory capac- disk emulator is 500 tiroes faster than the conventional 
ity of the disk emulator is determined by the storage 50 hard disk drive. Accordingly, the latency related to 

capacity of the hard disk drive which the disk emulator locating the track and sector has been reduced such that 

is replacing. In view of this disclosure, one skilled in the compared to convenUonal hard disk drives, the disk 

art. using the principles of this invention, can vary both emulator's latency is effectively zero. i.e.. the response 

the size and number of DRAM integrated circuits on a is instantaneous. This represents a significant advance in 
card and the number of DRAM cards to achieve the 55 the performance of disk storage devices, 

necessary storage capacity. ERROR CORRECTION 

MICROPROCESSOR AND MEMORY WORD problem uniquely solved within the disk 

COUNTER emulator concerns data integrity. When the SMD disk 

The lowest order addresses, corresponding to a sec- 60 controUer is writing to the disk emulator, serial dau 

tor and each of the 67 bit words within a sector, arc from the controller is converted to parallel data, and 

generated by memory word counter circuit 807 and before the daU is written to memory, a parity bit is 

microprocessor 816 (FIG. 3). When the SMD disk con- generated and stored as the 67th bit, as previously de- 

troller indicates that a new sector of data is required by scribed. 

asserting the seek command, the seek command is ap- 65 When the SMD controller is reading, the process is 

plied to one of the external interrupt input terminals of reversed. Date is retrieved from memory and a new 

microprocessor circuit 816. The interrupt service rout- parity bit generated. The new parity bit is compared 

ing of the microprocessor immediately initiates the with the stored parity bit. If they are not the same, then 
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a bit has changed either during storage, after storage or Write sequence cbirects errors caused by failure of a 

during the read indicating an error has occurred. single bit location in memory. 

Solid sutc memory errors can be divided into two This error correction process only works for a single 
basic types, hard errors and soft errors. Soft errors arc bit failure and a memory that fails such that the failed 
random single bit errors. These errors are not the result 5 bit, upon subsequent writes to the failed bit location, 
of memory chip failure, and are corrected by the SMD always remains in the state, cither high or low, to which 
disk controller. Hard errors generally affect many bits the bit originally failed. This is, in fact, simply the defi- 
within a memory component. They arc the result of nition of a hard error and so the novel correction pro- 
catastrophic memory failure. cess will correct any single bit hard error. 

Error correction systems have long been in existence, 10 The single bit failure per word is assured by the 

Using a typical prior art error correction system in the unique configuration of the DRAM array, as described 

disk emulator requires storage of an 8 bit ECC code previously. The DRAM array is designed such that 

along with the 66 bit word. A hard or soft error could each bit of a word is stored in a different DRAM inte- 

be corrected through a mathematical process operating grated circuit and only a bit of every fourth word is 

on the ECC code. However, an 8 bit per word overhead 15 stored in the same DRAM integrated circuit. Thus, to 

adds significant cost to the disk emulator. Accordingly, obtain two bit failures in the same word requires the 

a new error detection process is implemented in the disk simultaneous independent failure of a bit location in two 

emulator which corrects hard memory errors using of the DRAM integrated circuits. This configuration of 

only a parity bit The error correction is done during the DRAM array statistically improves the probability 

the read operation using a Read/lnvert/Write/Read- 20 of a misread by many thousand. In fact, without the 

/Invert/Write sequence with the 8207 DRAM control- error correction process a memory failure, a single bit 

Icr, latch circuit 803 and latch clock/error detection hard error, is predicted to occur within 100 hours of 

circuit 805 (FIG. 3). An example of the new error de- operation, but with the error correction process, two 

tcction process is illustrated in Table I. independent bit failures in the same word are not pre- 

25 dieted until 50,000 hours of operation. Hence, the novel 
error correction process significantly improves the reli- 
ability of the disk emulator. 

FORMATTING THE DISK EMULATOR DRAM 

3Q ARRAY 

To initially prepare the disk emulator for operation 
with a computer, a format write operation is utilized. In 
the format write operation, the address field for each 
sector is stored as the zeroth word of each 64-word 
35 sector in DRAM array %22 of the disk emulator system. 
For simplicity of illustration and understanding, in The format write operation configures DRAM array 
Table I, a four bit word is used as an example rather 822 of the disk emulator so that DRAM array 822 is 
than the 66-bii word utilized in the disk emulator. How- functionally equivalent to a formatted hard disk, 
ever, the error detection and correction process is inde- However, as previously explained, the data storage 
pendent of the word length and so a four bit example is 40 capability of a typical hard disk is reduced by up to 19% 
sufficient to demonstrate the process. In addition, the by data that must be stored on the hard disk to interface 
error detection and correction process of our invention the disk with the SMD disk controller. In the disk emu- 
is not limited to any particular method of generating the lator the 8 byte address field is stored as one word for 
parity bit. For illustrative purposes, since the disk emu- each sector, the 1 byte data sync pattern is stored and 
lator word length is an even number of bits, an even 45 the parity bit is stored for each word in the sector, or a 
parity was chosen. The word, shown in Row 1 of Table total of 138 bits are used to store data required to inter- 
I, has even parity because the number of bits that are face the disk emulator with the SMD disk controller, 
one is even and so the stored parity bit is a 1. Since each sector contains sixty-four 66-bit words and 
To illustrate the operation of our error detection and 64 parity bits, only 138/4288 or about 3% of DRAM 
correction process, we will assume the word in Row I 50 array 822 is not available for data storage. Hence, the 
is stored and that the second bit in the memory perma- disk emulator uses the storage medium significantly 
nently fails. Therefore, the stored word is retrieved as more efficiently than the typical hard disk. Since the 
101 1 and the stored parity is retrieved as 1, as shown in format write operation of the disk emulator is similar to 
the second row of Table I. When the word 1011 is the normal read and write operations of the disk emula- 
retrieved, a new parity bit is generated. The number of 35 tor, only the normal read and write operation of the disk 
Vs in the word is now odd so that the new parity bit is emulator in response to the SMD disk controller are 
a 0. A comparison of the stored parity bit, a 1, and the considered in detail, 
new parity bit, a 0, indicates an error. When an error is ccir v nfwjtxMA ^jt\ 
detected the retrieved word is inverted, as shown in ^t.t:.K COMMAND 
Row 4 of Table I. 60 During normal operation, in either a read or a write 
The inverted word and the new parity bit are written operation the SMD disk controller first issues a seek 
to memory and retrieved again. Since the second bit command to the disk emulator. Typically, in a hard disk 
location has failed permanently, when the number is drive whenever a seek command is issued, the cylinder 
read again i.e., retrieved from memory, the word is must be changed and so the read/write heads must be 
XXXX)* and the parity bit is 0 as shown in Row 6 of Table 65 mechanically moved to a new location on the disk and 
I. This word and the parity bit are inverted to restore then iteratively centered. Since this mechanical opera- 
the original word Ml IP. Hence, using only the parity tion is slow compared to the operating speed of the 
information, the Read/In ven/Write/Read/Inven/- computer, the computer performs other activities dur- 
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ROW 


STORED 


STORED 


PARtTV GENERATED 


1. 


1111 


1 




2. 


1011 


1 




3. 


ton 


1 
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4. 


0100 


0 




5. 


0000 


0 
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0000 


0 




7. 


nil 


1 


1 
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ing Che time the hard disk drive is seeking the proper 
cylinder. For this reason, the hard disk drive typically 
sends a seek end signal to the hard disk controller when 
the proper track is found so that the disk controller can 
notiry the computer. However, in the disk emulator the 
time to change cylinders is virtually instantaneous and 
the on-cylinder command and/or the seek end com- 
mand could be supplied to the disk controller virtually 
instantaneously. However, the SMD convention re- 
quires a minimum time between the time a seek com- 
mand is issued and the seek is ended. Accordingly, this 
is one of the functions of on-cylinder circuit 840 (FIG. 
20). The functions of on-cylinder circuit S40 are all 
related to moving the disk drive head off a given track. 

During normal operation, the signal on a tag-1 com- 
plement line 767 is the means for simulating the move- 
ment of the disk head off a given track within the disk 
emulator. The signal on tag-1 complement line 767 is 
driven low by the SMD controller when the lower 
order cylinder addresses are about to change, i.e., the 
SMD controller is issuing a seek command. The signal 
on a tag-2 complement line 768 is used by the SMD 
controller to change the head or higher order cylinder 
addresses, but a signal on tag-2 complement line 768 is 
always followed by a signal on tag-1 complement line 
767 from the SMD controller. Therefore, the signal on 
tag-1 complement hne 767 effectively indicates that the 
SMD disk controller has issued a seek command under 
normal operation. The SMD controller asserts the tag-1 
signal by providing a differential signal on lines J5-31, 
J5-1 in the SMD control cable to a differential current 
mode receiver 457 (FIG. 5) through a terminating resis- 
tor network. Differential current mode receiver 467 in 
response to the differential sigr\al on lines J 5-31 and JS-l 
generates a low signal on tag-1 complement line 767. 

The low signal on tag-1 complement line 767 is ap- 
plied to a first input terminal of NAND gate 449 (FIG. 
20) in on-cylinder circuit 840. The second input termi- 
nal of NAND gate 499 is driven by the output signal 
from OR gate 448 which sums the signals on tag-3 com- 
plement line 702 (FIG. 5) with the inverse of the signal 
on bit-6 line 763 (FIG. 5). In all but special circum- 
stances, which are described below, the output signal 
from OR gate 448 is high and so NAND gate 449 h^ a 
high input signal and a low input signal when the SMD 
disk controller drives the signal on tag-1 complement 
line 767 low. In response to these input signals, NAND 
gate 449 generates a pulse with a rising edge which is 
applied to an input terminal B of a one shot multivibra- 
tor 450 (FIG. 20). Since the signal on terminal CLR of 
multivibrator 450 is tied to the positive power supply 
voltage and multivibrator 450 has an input terminal A 
grounded, multivibrator 450 generates a high signal on 
in output terminal Q and a low output signal on a termi- 
nal Q for a time period determined by a resistor and a 
capacitor connected to multivibrator 450. The resistor 
and capacitor are selected so that the time required by 
the SMD convention between the time the seek com- 
mand is issued, i.e., the time when the signal on tag-1 
complement line 767 goes low, and the time the seek is 
ended, i.e., the signal on seek end line 772 goes high, are 
separated by the time required by the SMD convention. 

When the high output signal from NAND gate 499 
causes multivibrator 450 to fire and generate a low 
signal on on-cylinder complement line 771, the low 
signal on line 771 ts applied to a terminal P33 of a 8051 
microprocessor 1063 (FIG. 21). Terminal P33 of 8051 
microprocessor 1063 is the interrupt 1 input terminal so 



that the low signal on on-cylinder complement line 771 
resets microprocessor 1063 and microprocessor 1063 
enters the rapid section cycle mode, described below. 
The signals on seek end line 772 and on-cylinder 
5 complement line 771 are both generated by multivibra- 
tor 450 and so the seek end signal and the on-cylinder 
signal are derived from the same source. While it is 
possible for a seek to end and a disk not to be on the 
proper cylinder, this would be a fault condition so that 
10 the derivation of the two signals from the same source 
is appropriate. 

The other signal generated by on-cylinder circuit 840 
(FIG. 20) is the rcturo-to-zero (RTZ) signal which is 
used by the disk controller to bring a disk drive back to 
15 the zero cylinder on the disk. This signal is implemented 
by making the signal on a bit-6 line 763 high and strob- 
ing the signal on a tag-3 complement line 702. Thus, the 
input signals to OR gate 448 are both low and OR gate 

448 generates a low output signal on rctum-to-tero 
20 complement line 770 and to the second input terminal of 

NAND gate 449. The low input signal to NAND gate 

449 generates a sequence of signals identical to those 
discussed above when the signal on tag-1 complement 
Une 767 went low. 

25 Hence, in response to the RTZ command, the micro- 
processor 1063 is initialized. In addition, in ROM trans- 
lation circuit 819, shown in FIGS. 22j and 22b, the low 
signal on RTZ complement line 770 clears flip-flops 
479, 480, 483 and integrated circuits 1038, 1039, 1040, 
3D which each contain four edge triggered D-typc flip- 
flops with individual D input terminals and both Q and 
Q^omplement output terminals. Also, the low signal on 
RTZ complement line 770 drives the output signal from 
NAND gate 482 high which in turn clears counters 
35 1042, 1043, 1044, 1045 in FIGS. 22a and 22b. The re- 
tum-to-zero command, thus, operates similarly to the 
seek command in that microprocessor 1063 is initialized 
and in addition, ROM translation circuit 819 is cleared. 



40 



HIGH ORDER ADDRESS GENERATION 



The SMD disk controller also provides the desired 
head and track information over bit-0 through bit-9 
lines and tag-2 and tag-3 lines in the SMD control cable 
after the seek coihmahd. In T convelntiona] hard disk, 
45 the head and track information specified by the SMD 
disk controller is compared with the current track posi- 
tion, which is typically read by a servo head of the hard 
disk drive, and a new position for the head is deter- 
mined which is closer to the specified track. By repeat- 
50 ing the process of reading a track, comparing the speci- 
fied track with the current position and moving to a 
new position, the hard disk drive iteratively locates the 
track specified by the SMD controller. Obviously, if the 
data file is interleaved over several tracks on the hard 
55 disk, the hard disk drive must repeat the search opera- 
tion for each segment of the data. Thus» in reading a 
data file comprised of multiple sectors on several tracks, 
the seek time is cumulative for a hard disk drive. The 
disk emulator, as described below, locates the track 
60 specified by the SMD disk controller virtually instanu- 
neously, and consequently eliminates the seek time of 
the conventional hard disk drive. This feature alone 
substantially improves the performance of the disk emu- 
lator over the performance of hard disk drives designed 
6S to operate under the SMD interface convention. 

As previously described, the SMD disk controller 
provides differential signals which specify the desired 
location for reading or writing to the disk emulator over 
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the bit*0 through bit-9 lines in the SMD control cable tor, the cylinder address signals on bit-0 through bit-9 

and these signals are enabled with signals on tag-1 line lines 701, 703» 759-766 arc stored in registers of inte- 

and tdg-3 line in the SMD control cable Cm the Figures, grated circuits 1200, 1201 by the enabling low, signal on 

the bit line and tag lines shown are those of the disk tag-1 complement' line 767. 

emulator and the lines from the SMD control cable or 5 The SMD controller provides the head address infor- 

SMD data cable with the same name are indicated by mation on bit-0 through bit-4 lines 701, 703, 759-761 and 

the prefixes J4, J5). the two highest order bits of the cylinder address infor- 

As shown in FIGS. 4, 5. and 6, each pair of lines from mation on bit-7 and bit-8 lines 764, 765, all of which arc 

the SMD disk controller, which carries one of the bit or enabled by a low signal on tag-2 complement line 768. 

tag signals, is coupled through a terminating resistor 10 These signals are stored in other registers of integrated 

network to the input terminals of a differentiaJ current circuit 1202. Thus, the registers in integrated circuits 

mode receiver which in response to the signals from the 1200, 1201, 1202 latch the entire 17 bits of geometric 

SMD disk controller drives the corresponding line in address information provided by the SMD controller, 

the disk emulator. Accordingly, bit-0 through bit-9 lines The output terminals of integrated circuiu 1200. 1201. 

701, 703 759-766 carry the geometric address signals 15 1202 are connected to the input terminals of ROMs 575, 

from receivers 461-470. 576 so that each ROM simultaneously receives the en- 

As previously described, there are two methods for tire 17 bits of cylinder and head address information, 
converting the geometric address information for the ROM 575 contains a lookup table which is used to 
disk to contiguous binary addresses for the DRAM convert the 17 bits of SMD geometric address informa- 
array of the disk emulator. The first method requires 20 tion to the seven least significant bits of the binary high 
patching the computer operating system so that the disk order address for DRAM array 822 and ROM 576 con- 
controller addresses the disk emulator with a binary tains a lookup table which is used to convert the 17 bits 
format for the number of heads, sectors and cylinders. SMD geometric address information to the eight most 
In this method, the information presented across the significant bits of the binary high order address for 
bit-0 through bit-9 lines which are enabled by signals on 25 DRAM array 822. The lookup tables, which are stored 
tag-1 line and tag-2 line describe contiguous binary in ROMs 575, 576, can be generated manually, but in a 
addresses. Accordingly, the geometric address signals preferred embodiment a computer program, written in 
from receivers 461 to 470 in this method are used di- the BASIC computer language, (FIGS. 47fl. 47*, 47c) 
rectly to address the DRAM array as described in more was used to generate data that was progranmied into 
detail below; 30 ROMs 575, 576, The program (FIGS. Ala, 41b, 41c) was 

In the second method, a ROM based lookup table is executed using an IBM PC with an MS-DOS version 

used to convert the geometrical addresses to contiguous 3.2 operating system. More specifically, the interpretive 

binary addresses. This method allows precise emulation BASIC package of MS-DOS version 3.2 was used in the 

of any existing hard disk drive. In the SMD convention, IBM PC to execute the BASIC computer program. In 

cylinders are specified with 12 bits of information 35 FIGS. 47fl, 47f», 47c, the numbers at the left hand side of 

which allows addressing a maximum of 4,096 cylinders. each line are the line numbers for the program and the 

Similarly, the head addresses are specified with 5 bits remainder of each line comprises a BASIC computer 

for a maximum of 32 heads. Thus, to fully implement program instruction. To use the BASIC computer pro- 

the SMD convention, 17 bits of address information gram, the number of cylinders in the hard disk drive 

must be processed in the disk emulator. However, either 40 being replaced with the disk emulator of this invention 

the number of heads or the number of cylinders can and the number of heads in that disk drive must be 

vary. For example, the DEC model RM03 disk drive supphed. In FIG. Alb, the number of cylinders has been 

has 32 sectors, 623 cylinders, and 3 heads for a format- entered on line 1900 as 822 and the number of heads has 

ted capacity of 67.42 megabytes. To emulate the DEC been entered on line 1950 as 5. To change the program, 

RM03 requires nine DRAM cards, as previously de- 45 the user must enter the number of cylinders after "C-" 

scribed in the disk emulator. Further, only 10 bits are on line 1900 and the number of heads after **H==*' on 

required to specify the 823 cylinders and three bits are line 1950. To run the program, the command "RUN 

required to specify the five heads. Thus, for this particu- 1900'* is given to the computer. The command "RUN 

l&r hard disk drive, the input address signal to ROM 1900'* begins program execution. The program then 

translation circuit 819 consists of 13 bits rather than the 50 generates the necessary ROM output signals for the 

full 17 bits available in the SMD convention. The geo- various address input signals to ROMs 575, 576 from the 

metric address provided by the SMD disk controller is SMD disk controller. 

nonbinary as 823 cylinders are addressed for each of the A portion of the output listing generated by the 

fiveheads. To emulate the DEC RM03. 4.115(3x823) BASIC computer program illustrated in FIGS. 470. 

high order addresses are necessary. Therefore, 13 bits of SS Alb, Ale is given in FIG. 48. The program generates 

output arc necessary from ROM translation circuit 819. pairs of output lines 1300 where the first line in each 

ROM translation circuit 819 (FIGS. 22j and 22^) of pair is labeled "ADDRESS" and the second line is 

the disk emulator is implemented with a pair ROMs labeled "CONTENTS." The ADDRESS line 1301 

575,576, for example an Hiuchi HN6230IP or equiva- corresponds to the geometric address signals on the 

lent, which have 131,072 eight bit addressable locations. 60 input terminals of ROMs 575, 576 from the SMD disk 

Each ROM has 17 address input terminals so that the controller. Since the address signals are derived from 

entire SMD cylinder/head bus is accommodated, and 8 SMD disk controller, they are not binary in nature, 

output terminals as shown in FIG. 22a Thus, every address for ROMs 575, 576 is not used. The 

The SMD controller provides the lowest order bits of CONTENTS line represents the binary address for 
the 12 bits of cylinder address information on bit-0 65 DRAM array 822 corresponding to the geometric ad- 
through bit-9 lines 701, 703. 759-766 (FIG. 22a) and dress given in the ADDRESS line. The first 8 bits 1302 
enables the lower order cylinder address bits with a low on the left hand side of the CONTENTS line arc the 
signal on tag-1 complement line 767. In the disk emula- output signals for ROM 576 and the second 8 bits 1303 
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on the right hand side are the output signals for ROM 
575. Note that the ROM output signals, as shown in 
successive ADDRESS lines, increment in perfect bi- 
nary. The data generated by using the BASIC computer 
program must be programmed into ROMs 575, 576. 
Means for programming the data from the BASIC com- 
puter program into ROMs 575, 576 are known to those 
skilled in the art. 

The lookup Ubles programmed into ROMs 575. 576 
translate the signals from the SMD disk controller on 
the input terminals of ROMs 575, 576, which corre- 
spond to geometric addresses for a hard disk, into sig- 
nals on the output terminals of ROMs 575, 576 which 
correspond to contiguous higher order addresses in 
DRAM array 822 of the disk emulator. The output 
signals from ROM 576, which defme the higher order 
bits of the high order addresses, are provided on the 
output terminals from ROM 576 to the DRAM blt-7 
through DRAM bit -14 lines 857-864, The signals on 
DRAM bit-9 line 858 through DRAM bit-14 hnc 864 
from translation ROM 576 are passed through a config- 
uration block J9 (FIG. 22^) to input terminals DO, Dl, 
D2, D3 of integrated circuit 1036, the input terminal of 
D-type flip-flop 480, and the input terminal of the D- 
type flip-flop 479, respectively. Similarly, conflguration 
block J8 passes the signals on DRAM bit-5 line through 
DRAM bit-8 line 855-858 from ROMs 575, 576 to input 
terminals DO, Dl, D2, D3 of integrated circuit 1039 
respectively and the signal on DRAM bit'4 line 854 to 
the input terminal of flip-flop 483. The signals on 
DRAM bit-O line 850 through DRAM bit-3 line 853 
from ROM 575 are applied to input terminals DO, Dl, 
D2, D3 of integrated circuit 1040, respectively (FIGS. 
22j and 22b). 

Configuration blocks J7, JB, J9 (FIG. 22b) permit 
easy modification of the coupling of the DRAM bit 
lines in the disk emulator to the addressing circuitry of 
the disk emulator, and consequently provide means for 
adapting the disk emulator to an alternative implemen- 
tation of the SMD interface convention. One embodi- 
ment is shown in FIGS. 22a and 22b for the output 
signals from ROMs 575, 576 where the least significant 
bit is on DRAM bit -0 line 850 and the most significant 
bit is on DRAM bit-14 line 864. However. ROMs 575, 
576 may be programmed so that the contiguous binary 
address appears in a different order on the output pins of 
ROMs 575, 576. In such an embodiment., configuration 
blocks J7, J8, J9 arc used to configure the binary ad- 
dress on the input terminals of flip-flops 483, 479 and 
480 and integrated circuits 1038, 1039. 

The enabling signal, a low signal, on tag-1 comple- 
ment line 767 (FIG. 22b) from receiver 457 (FIG. 5) 
returns to a high level and this low to high transition in 
the signal clocks flip-flops 479, 480 and flip-flops in 
integrated circuits 1038, 1039 (FIG. 12b), Thus, the 
signal on tag-1 complement line 767 not only latches the 
lower order geometric cylinder addresses in integrated 
circuits I200t 1201, but also latches the ten most signifi- 
cant bits of the contiguous binary address generated by 
ROMs 575, 576 in flip-flops 479, 480 and in flip-flops of 
integrated circuiu 1038, 1039. Similarly, the signals on 
DRAM btt-0 line through DRAM bit-4 line 850-854 are 
each latched in a flip-flop when the signal on tag-2 
complement line 768 goes high after latching the SMD 
head address and the SMD higher order cylinder bits in 
integrated circuit 1202. Hence, the signals on the tag-1 
complement line 767 and the tag-2 complemant line 768 



effectively enable the translated signals by latching the 
signals in D-type flip-flops (FIG. 226). 

The signals stored in the D-type flip-flops from 
ROMs 575, 576 effectively replace the drive mechanism 

5 of the hard disk. The latched signals are equivalent to 
placing the read/write head of a hard disk over the 
desired track. Consequently, the mechanical drive 
mechanism, the means for determining the position of 
the mechanical drive mechanism, and the iterative pro- 

10 ccdurc used to locate the desired track in a conventional 
hard disk are replaced with the ROM translation circuit 
which instantaneously defines the contiguous higher 
order addresses which correspond to the geometric 
address information for a typical hard disk drive. The 

15 elimination of the drive mechanism should enhance 
reliability, in addition to enhancing the response time, 
over a conventional hard disk. 

In the embodiment which modifies the disk controller 
so that the controller generates binary addresses, ROMs 

20 575, 576 and integrated circuits 1200. 1201, 1202 are 
eliminated from ROM translation circuit 819 (FIGS. 
22a and 22b), inverters are inserted in tag-1 complement 
line 767 and tag-2 complement line 768 (FIG. 22b), and 
the signals on the bit-0 through bit-9 lines are provided 

23 directly to the DRAM bit lines according to the SMD 
convention. The other elements of the ROM translation 
circuit 819 in the embodiment is identical to those 
shown in FIGS. 2Za and 22b. 
Hence, when the 805 T microprocessor 1063, in FIG. 

30 21, receives the signal on on-cylinder complement line 
771 which initiates the rapid sector cycle mode, the 
head and track information supplied by the SMD con- 
trol cable have been converted to contiguous higher 
order binary addresses and latched for further use by 

3S the disk emulator 

LOWER ORDER ADDRESS 
GENERATION— SECTOR ADDRESS 

Since the disk emulator has virtually no delay time 
40 for positioning the head over the track specified by the 
SMD disk controller, when the seek command is re- 
ceived from the SMD disk controller, the 805 1 micro- 
processor 1063, in FIG, 21. enters the rapid cycle sector 
mode and immediately issues an index pulse on an index 
45 line 714, connected to terminal P06 of microprocessor 
1063. Microprocessor 1063 simultaneously provides on 
POO. POl. P02, P03, P04. lines 786-790, which are con- 
nected to terminals POO to P04 respectively of micro- 
processor 1063, the address corresponding to the zero 
50 sector of the trapk specified by the SMD disk control- 
ler. Since the normal convention is that 32 sectors de- 
fme any given track, the signals provided on output 
terminals P(X) through P04 of 8051 microprocessor 1063 
uniquely define each sector in a track. 

" INDEX PULSE 

The index pulse on the index line 714 from terminal 
P06 of microprocessor 1063 (FIG. 21) is passed to sec- 
tor/index circuit 817 (FIG. 23) and SMD sector/index 

60 circuit 818 (FIG.- 46). The falling edge of the index 
signal, which is applied to an input terminal A of mono- 
stable multivibrator 454 (FIG. 44$), fires monostable 
multivibrator 454 because an input terminal B of multi- 
vibrator 454 is connected to the positive power supply 

65 voltage. Hence, multivibrator 454 generates a signal on 
a SMD index line 773 which is connected to an output 
terminal Q of multivibrator 454. The high signal on 
SMD index line 773 is converted to a differentia] signal 
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on SMD control cable lines J$-48, J5-18 by difTcrential saving the contents of DRAM array 822 on the SCSI 

current mode driver 471 (FIG. 7). disk. However, in norma! operation of the disk emula- 

In sector/index circuit M7 (FIG. 23), the high signal tor, counters 1042. 1043, 1044, 1045 simply pass the 

on index line 714 is inverted by NOR gate 451 and the signal on each input terminal of the counter to the line 

low output signal from NOR gate 451 is inverted by 5 attached to the associated output terminal. Thus, after 

inverter 452. Inverter 452 drives sector/index line 712 the sector/index pulse on line 712 toads counters 1042, 

with a high output signal and also drives inverter 453 1043, 1044, 1045, the signals on DRAM bit-0 line 

which in turn generates a low signal on the sector/index through DRAM bit-14 lines $50-864 are passed to the 

complement line 711. The high signal from inverter 452 output terminals of counters 1042-1045, 

is also applied to an input terminal A of monostable 10 Specifically, counter 1042 (FIG. 22^) passes the sig- 

multivibrator 1070. The input tcrmmal B of muUivibra* nal from bit-12 line 862 to input terminal D of four-line 

tor 1070 is connected to the positive power supply voh- to sixteen-ltne decoder 1091 and counter 1043 passes the 

age. Hence, on the falling edge of the high signal from signals from DRAM bit-9 line 859 through bil-ll line 

inverter 452 monostable multivibrator 1070 generates a 861 to input terminals A, B, C respectively of four-line 

signal which is applied to an input terminal A of a 15 to sixtccn-line decoder 1091. The signals on DRAM 

monostable multivibrator 1069 which also has an input - bit-9 line 859 through DRAM bit-12 line 862 go through 

terminal B tied to the positive power supply voltage. On configuration block J7 before reaching decoder 1091. 

the falling edge of the signal from multivibrator 1070, Counter 1044 (FIG. 22b) passes the signals on 

which occurs approximately 1,5 microseconds after DRAM bit-0 through DRAM bit-3 lines 850-853 to 

initiation of the pulse by multivibrator 1070; monostable 20 lines J2-26, J2-90, J2-25 and J2-89 respectively, which in 

multivibrator 1069 generates a high signal with a pulse turn provide the signals to input terminals AHO, AHl. 

width of about 0.5-0.7 microseconds on a read zero line AH2, AH3 respectively of the 8207 DRAM controllers 

724. which is connected to output terminal Q of mono- in the disk emulator. Input terminals AH4 through AH7 

stable multivibrator 1069. respectively of the 8207 DRAM controller are driven 

The high signal on read rero line 724 initiates the 25 by the signals on DRAM bit-4 line 854, DRAM bit-5 

initial read cycle of the disk emulator for each sector, as line 855, DRAM bit-6 line 856 and DRAM bit-8 line 858 

described below. However, monostable multivibrators respectively, which are passed through counter 1045. 

1069, 1070, which both trip on a falling edge of the Similarly, the signal on DRAM bit-8 line 858 is passed 

signal on input terminal A, delay the initiation of the through counter 1043 to terminal AH8 of the DRAM 

read cycle so that the signals on sector/index line 712 30 controllers. 

and sector/index complement line 711 initialize the disk Thus, the index pulse generated by microprocessor 

emulator prior to initiation of the initial read cycle. 1063 in response to the seek command from the SMD 

The high signal on sector/index line 712 is inverted disk controller effectively passes the higher order ad- 
by NOR gate 405 (FIG. 15) and by NOR gate 407 in dresses from the latches in ROM translation circuit 819 
write control circuit 806 (FIG. 15). The resulting low 35 to the 8207 DRAM controller on each of the sixteen 
signal from NOR gate 407 clears counters 1027, 1028, DRAM cards comprising the DRAM array 822. The 
and the tow signal from NOR gate 405 sets D-type four-line to sixteen-line decoder 1091 (FIG. 22^) pro- 
flip-flop 428. cesses the signals from DRAM bit-9 through cylinder 

Similarly, in memory word counter circuit 807 in bit-12 lines 859-862, and uniquely enables one of the 

FIG. 19, the high signal on line 712 is applied to a first 40 sixteen DRAM cards by generating a low signal on card 

input terminal of NOR gate 497 and the resulting low select line 792 for that card. 

S^'eTs7^^^^^^^^^^^ 'NITIAL DRAM CARD SELECTION 

terminal Q of flip-flop 498 is low and the signal on FIGS. 260 and 266 illustrate a typical DRAM card 

sector full complement line 758 from output terminal Q 45 used in the disk emulator. With the embodiment illus- 

of flip-flop 498 is high. trated. there are a maximum of sixteen of these cards in 

In read counter circuit 810 illustrated in FIG. 18, the the disk emulator. It will, of course, be appreciated that 

high signal on sector/index line 712 drives the output the present invention is not lioiited to using any particu- 

signal from OR gate 415 high which in turn drives the lar number of DRAM cards. Each card has a 8207 

output signal from NOR gate 417 low. The low output 50 DRAM controller, shown in detail in FIG. 25. a DO 

signal from NOR gate 417 clears counten 1022 and buffer circuit 845, shown in detail in FIGS. 27o through 

1023. 27d, a connector (not shown), which interfaces the card 

The low signal on sector/index complement line 711 wiih the remaining circuitry in the disk emulator, and 

is also used to clear components in the disk emulator. In four banks of DRAM integrated circuits wherein each 

shift register circuit 802. shovsm in FIG. 10, the signal on 55 bank is further subdivided into four blocks, 

sector/index complement Line 711 clears each of the A typical block of a bank is illustrated in FIGS. 28a 

registers in integrated circuits 1104-1111. 1121. Also. through 28c. Accordingly, each of the output lines from 

the low signal on sector/index complement line 711 decoder 1091 (FIG. 2ib) mterfaces with a card select 

clears flip-flop 584 in writing flag circuit 811 (FIG. 24) line 792 to the DRAM controller circuit on one of the 

and as a result the signal on writing line 709 is low and 60 sixteen DRAM cards and enable line 801 (FIGS. 26a 

the signal on writing complement line 710 is high. and 266). For the fifteen DRAM cards which receive a 

In ROM translation circuit 819 (FIGS. 22a and 226), high signal on card select line 792 from one of the out- 

af^er the high signal on sector/index line 712 returns to put lines of decoder 1091. drivers 560. 561 in the 

a low level the output signal from OR gate 485 goes DRAM controller circuit. FIG. 25. are inhibited, 

low. This low signal loads counters 1042, 1043, 1044, 65 Hence, on these fifteen DRAM cards the signals from 

1045. Counters 1042. 1043. 1044, 1045 are used in the each of the 8207 DRAM controllers to drivers 560, 561 

disk emulator backup system to generate the addresses are not passed to the other circuits in the disk emulator, 

necessary to access the entire DRAM array 822 when Further, the high signal on enable line 801 (FIGS. 27a 
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through tld) to DO buffer circuit 845 inhibits drivers 
562-573 in DO buffer circuit 845 which cfTectively re- 
moves the DRAM banks on the card from parallel bus 
700, 

Conversely, the low signal on card select line 792 to 5 
the DRAM controller circuit on the sixteenth DRAM 
card from decoder 1091 (FIG. 22^) enables drivers 560. 
561 (FIG. 25) so that this 8207 DRAM controller com- 
municates with the other circuits in the disk emulator. 
Similarly, the low signal on enable line 801 (FIGS. 27a 10 
through Zld) to DO buffer circuit 845 interfaces the 
DRAM banks on the sixteenth DRAM card with paral- 
lel bus 700. It should be noted that the sixteenth card, as 
used here, does not mean the sixteenth DRAM card 
physically in the disk emulator, but rather the DRAM IS 
card which is selected by the higher order address to 
decoder 1091 and therefore is the DRAM card referred 
to in the following description. 

The 8207 DRAM controller, as illustrated in FIG. 25, 
on the card enabled by decoder 1091 (FIG. 22b) ad- 20 
dresses the region in the DRAMs corresponding to the 
signals on terminals AHO through AH8 and also ALO 
through AL8 of the controller. The 8207 DRAM con- 
troller generates the appropriate signals on the multi- 
plexed address output terminals AOO through A08 of the 25 
controller. Each of the signals from output terminals 
A(K) through AOS pass through a driver in each block 
(FIGS. 28fl through 28c) of the DRAM bank and a 
resistor to one of the address input terminals A0-A8 of 
each DRAM integrated circuit in the block. The ad- 30 
dresses are latched by the column address strobe signals 
and the row address strobe signals from the 6207 
DRAM controller. 
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While the location of the track requested by the SMD 
controller is now completely identified in the DRAM 
array, the counters in the disk emulator that are used to 
identify the sector and the words within the sector must 40 
be initialized. In memory word counter circuit 807 
(FIG. 19), the low signal generated by NOR gate 495 in 
response to the high signal on sector/index line 712 
loads counters 1054 and 1055 such that they count 64 
clock pulses and then reset. In addition, the low signals 45 
loaded on output terminals QA, QB of counter 1055 
drive buffers 502, 501. respectively, which in turn drive 
the bank select input terminals, BSO, BSl respectively, 
of the 8207 DRAM controller (FIG. 25) so that the 
zeroth bank of 256K DRAMs is accessed on the 50 
DRAM card selected by decoder 1091 (HG. 22by 

The low signal from output terminal QA of counter 
1055 (FIG. 19) is also applied to a fu^ input terminal of 
NOR gate 509, to the input terminal of inverter 505 
which in turn generates a high signal on the first input 55 
terminal of NOR gate 506. Thus, NOR gate 506, which 
also receives a low signal from terminal QB of counter 
1055, generates a low signal which is applied to a first 
input terminal of NAND gate 510. The low signal from 
terminal QB of counter 1055 is also applied to the sec- 60 
ond input terminal of NOR gate 509 and the high signal 
generated by NOR gate 509 is applied to the third input 
terminal of NAND gate 511. 

Similarly, the low signals from output terminals QA, 
QB of counter 1054 are supplied to the first and second 65 
input terminals of NOR gate 508, respectively. The 
resulting high signal generated by NOR gate 508 is 
provided to the second input terminal of NAND gate 



511 and to the third input terminal of NAND gate 510. 
The first input terminal of NAND gate 511 and the 
second input terminal of NAND gate 510 each receive 
the high output signal from NOR gate 507 that is gener- 
ated in response to the low signals from terminals QC^ 
QD of counter 1055, which are applied to the first and 
second input terminals of NOR gate 507 rc^)cctively. 

Therefore, NAND gate 510. which receives the high 
output signals from NOR gate 507 and NOR gate 508, 
and the low output signal from NOR gate 506, provides 
a high output signal to a first input terminal of OR gate 
515 and to an input terminal of OR gate 513 which in 
turn passes the high signal to the first input terminal of 
NAND gate 512. In response to the high input signal, 
OR gate 515 generates a high output signal which is 
applied to address-1 detection complement line 755. 
The high signal on addrcss-1 detection complement line 
755 disables data sync comparator 1122 in comparator 
circuit 815, shown in FIG. 14. 

The low output signal from NAND gate 511 (FIG. 
19), which is generated by the high input signals from 
NOR gates 507, 508, 509, is passed to a first input termi- 
nal of OR gate 514 which in turn generates a low signal 
on address zero detection complement line 754, because 
the signal from write counter rero state complement 
line 718 to the second input terminal of OR gate 514 and 
to the second input terminal of OR gate 515 is also low. 
The low signal on address zero detection complement 
line 754 enables the address sync comparator 1123 in 
comparator circuit 815 (FIG. 14). Consequently, the 
loading of counters 1054, 1055 of memory word counter 
circuit 807 (FIG. 19) by the index pulse from the micro- 
processor 1063 (FIG. 21) also initializes comparator 
circuit 815 (FIG. 14). 

The low output signal from NAND gate 511 (FIG. 
19) is also applied to the second input terminal of 
NAND gate 512 which generates a high signal on word 
address 2-63 complement line 756 because both of the 
input signals are low. 

The low signals, which are loaded onto output termi- 
nals QC and QD of counter 1055 (FIG. 19) and output 
terminals QA and QB of counter 1054 by the low signal 
from NOR gate 495 in response to the index pulse on 
sector/index line 712, are also applied to the input ter- 
minals of buffers 500, 499, 504 and 503 respectively. 
Buffers 500, 499, 504, 503 generate low output signals 
that drive input terminals ALO, ALl, AL2 and AL3 
respectively of the 8207 DRAM controller (FIG. 25). 
Hence, loading counters 1054, 1055 also initializes the 
lower order bits, which correspond to the words in the 
sector, of the lower order address generated by the 6207 
DRAM controller to the zeroth word in the sector. 

While the high signal on sector/index line 712 initial- 
ized word counters 1054, 1055 (FIO. 19) to the zero 
word position, the signal on sector/index complement 
line 711 loads counters 1052, 1053 (FIO. 19) with the 
signals on their input terminals. The signals from micro- 
processor 1063, (FIG. 21) corresponding to the sector 
address, are passed over POO through P03 lines 786-789 
to input terminals A, B, C, D of counter 1053 respec- 
tively and the signal on P04 line 790 is applied to input 
terminal A of counter 1052. Since counters 1052, 1053 
are pan of the back-up system, they are not enabled as 
counters during normal operation. Accordingly, the 
signal on sector/index complement line 711 loads the 
signals on P0O-PO4 lines 786-790 to the input terminals 
of buffers 491-494 and 490 respectively, and the result- 
ing output signals from buffers 491, 492. 493, 494, and 
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490 drive the input terminals ALi-AU respectively of and consequently reloads counters 1138, 1139 and starts 

8207 DRAM controller (FIG. 25). The signals on the the cycle over again. 

terminals AL4-AL8 define the higher order bits of the Accordingly, after the index pulse, RFRQ circuit 841 
lower order addresses which correspond to the sectors (FIG. 29) generates after every 138 clock pulses a re- 
in the track specified by the SMD controller. Since all 3 fresh signal to the 8207 DRAM controllers which 
the signals on terminals AL4-AL8 are initialiied to a causes the controllers to refresh DRAM array 622. This 
low level, the zeroth sector of the track is addressed. ^ necessitated by the volatile memory used as the stor- 
Thus, the index signal from microprocessor 1063 age media in the disk emulator. However, the RFRQ 
(FIG. 21) with the sector address generated by micro- circuit assures that a refresh request does not conflict 
processor 1063 and the initialization of the counters in '0 with a read or write sequence by reloading the counters 
memory word counter circuit 807 (FIG. 19) has com- the start of each read or write sequence, 
pleted the definition of the address of the first word in RETRIEVAL OF THE INITIAL ADDRESS 
DRAM array 822 that will be supplied to the SMD disk FIELD 
controller. This further demonstrates the access time , ^« * . .. --^ 
advanuge of the disk emulator. The initial track was ^5 Prior to 128 clock pulses on DRAM clock bne 776. 
located virtually instantaneously by the ROM transla- counter drcuit BIO ^IG. 18). and latch clock/cr- 
tion circuit, and the zeroth word of the zeroth sector, ^^r detecUon circuit 805 (FK3. 31) generate a sequence 
which is the address field of the zeroth sector, is imme- signals shown in FIGS. dOa through 30/:, which load 
diaiely identified as the first word which wUl be pro- ^^^Jf'""^^ ^Pf^,^^ "^^^ sector of the track speci- 
vided to the SMD controller. As is shown below, even ?fj> ^^^^MD controller into latch circuit 803 (FIG 
if this is not the sector requested by the SMD controller, ^otc that m FIGS. 30^ through 30/:, the homontal 
the disk emulator provides the correct sector to the "^^^ """^"^ 
SMD controller up to 500 times faster than a conven- ""[P^.^ ^ ^f" , ^ ... 
tirtnfti >i«rH rfict Spccifically, the high signal on read zero line 724 
xto i!.. li ^ * r A 1 - r -fit 25 (FIG. 30fl) passes through OR gate 426 in read counter 
Xrltr^V^""!^^ complement line 711 g^J^^ ^ ferminal Bl of a first retriggera- 
loads counters 1013, 1014 in first gap counter circmt 808 ^onosiable multivibrator in integrated circuit 1144, 
m F G. 16 counters Wll, 1012 m second gap gj^^ ^^^^ ^ j ^^^^ retriggerable monosUble 
counter circuit (FIG. 16^ As described previously, „,mtivibrator is lied to ground, the first multivibrator in 
fi^t gap counter 808 is loaded with the number of bj^es ^j^d circuit 1144 generates a positive going pulse 
pnor to the address field and second gap counter 809 is y^^^^ approximately a 1200 nanosecond pulse width to 
loaded with the number of bytes pnor to the daU field. ^^^^ ^^^^^^ ^ ^^^^ retriggerable monosuble 
INITIALIZATION OF MEMORY REFRESH multivibrator in integrated circuit 1144. Since terminal 
REQUEST ^2 of the second retriggerable monostable multivibra- 

3S tor in integrated circuit 1144 is tied to the positive sup- 
After the miuahzation of the circuits described ply voltage, the second multivibrator generates a posi- 
above, the high signal on read zero line 724, which was ^^^^ ^^^^ having approximately a 190 nanoscc- 
mitiated by the index pulse from 8051 microprocessor ^^^^ ^^th on the falling edge of the pulse from 
1063 (FIG. 21), is generated by monostable 1069 (FIG. first multivibrator in integrated circuit 1144. The 
23) and is passed through OR gate 426 in read counter 40 ^^^^ from the second multivibrator is applied to read 
circuit 810 (FIG. 18) to early read line 734. Early read 733 (piG. 30i^) which is connected to output tcnni- 
Ime 734 supplies the high signal to the second input n^I Q2 of the second multivibrator in integrated circuit 
terminal of NOR gate 440 in RFRQ circuit 741 (FIG. H44, 

29). Load write latch line 717 from the writc control The positive pulse on read line 733 passes through 
circuit 806 (FIG. 15) supplies a low signal to a first input 45 qR gate 516 in latch clock/error detection circuit 805 
terminal of NOR gate 440 (FIG. 29) and the line con- (piG. 31) and clocks flip-flop 517. Also, the positive 
nected to the output terminal Q of flip-flop 442 also signal on read line 733 is changed to a low signal by 
provides a low signal to the third input terminal of inverter 577. The low output signal from inverter 577. 
NOR gate 440. The low output signal from NOR gate which is applied to terminal CLR of D type flip-flop 
440 loads counters 1138, 1139 such that they count 128 50 539. clears flip-flop 539, Hence, flip-flop 539 generates a 
clock pulses on DRAM clock line 776. ]ow signal on output terminal Q which is applied to a 
After the high signal on early read line 734 loads second input terminal of AND gate 541 and a first input 
counters 1138, 1139, counter 1138 counts each clock terminal of NOR gate 542. Since flip-flop 539 U clocked 
pulse on DRAM clock line 776 and after each fifteen by the signal on RFRQ line and the sigxial on this line is 
clock pulses, counter 1138 rolls over and enables 55 held low during the time interval of a read or write in 
counter 1139 for one clock pulse. Accordingly, after the disk emulator, as described more completely below, 
128 clock pulses on DRAM clock line 776, counter 1139 the signal from flip-flop 539 does not change during the 
generates a low signal on ite output terminal and read cycle. Therefore, AND gate 541 generates a low 
this low signal is supplied to the input terminal D of signal to a first input terminal of OR gate 541 and the 
D-type flip-flop 442. The next clock pulse on DRAM 60 output signal of NOR gate 542 to a second input termi- 
clock line 776 loads the low signal on input terminal D nal of OR gate 541 is determined by the signal on parity 
into flip-flop 442 and fli^flop 472 generates a high check line 784 during the read cycle. The signal on 
signal on output tenninal Q. Tliis high signal is passed parity check line 784 is de$crit>ed in the description of 
through OR gate 443 to the RFRQ output line 778 and the error correction process below, 
to RFRQ input terminal of the 8207 DRAM controllers 65 Prior to the positive pulse on line 733 clocking flip- 
over line J2-71. The high signal from output terminal Q flop 517. the signal on read B complement line 746, 
of flip-flop 442 is also passed back to the third input which is connected to output terminal Q of flip-flop 517. 
terminal of NOR gate 440 which generates a low signal was initialized to a high level and the signal on read B 
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line 745, which is coupled to output terminal Q of flip- 
flop 517 through inverter 518, was initialized to a low 
level as shown in FIG. 50c and FIG. 3(W, respectively. 
Since the signal on writing line 709, which is connected 
to input terminal D of flip-flop 517 (FIG. 31), is low, as 
previously described, the clocking of flip-flop 517 by 
the pulse on read line 733 drives the signal on read 6 
line 745 high, as shown in FIG. 30d, and the signal on 
read B complement line 746 low, as shown in FIG. 30c. 

The low signal on read B co mplement line 746 is 
applied to input terminal RDB of the 8207 DRAM 
controller in FIG. 25 and as a result the 8207 DRAM 
controller initiates a read memory request for the zeroth 
word of the zeroth sector of the track specifled by the 
SMD disk controller because, as previously described, 
the disk emulator has addressed the zero word of the 
zeroth sector in response to signals supplied by the 
SMD controller. As described previously, the zeroth 
word of the sector is the address Held for the sector. 
The 8207 DRAM controller provides the address field 
for the zeroth sector on 66-bit parallel bus 700 and the 
stored parity bit for that address field on line D(0) from 
DRAM array 822 which is the 67ih bit in the parallel 
bus. 

Since the signal on writing line 709 is low, multi- 
plexer 1125 (FIG. 13) connects read B complement line 
746 to data enable line 751, positive power supply volt- 
age to shift register output control line 740. clock zero 
line 728 to shift register clock line 739, and read B line 
745 to latch output enable line 742. The positive power 
supply voltage on shift register output control line 740 
disables the parallel output terminal in each register of 
shift register 802 during the read operation of the disk 
emulator. 

The high signal on latch output enable line 742 from 
read B line 745 tri-states the output terminal of each 
register in latch circuit 803 (FIG. 11), and the low signal 
on data enable line 751 from read B complement line 
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parallel bus. to the second input gate of exclusive OR 
gate 302. 

For this example, assume that no error occurred in 
the address field and accordingly the parity bits on the 
input terminals of exclusive OR gate 302 (FIG. II) are 
the same. Thus, the output signal from exclusive OR 
gate 302 on parity check line 784 is a logical zero. Ac- 
cordingly, the input signal to NOR gate 542 in latch 
clock/error detection circuit 805 (FIG. 31) remains 
unchanged and the signal on error complement line 783 
to the 8207 DRAM controller docs not change. There- 
fore, the 8207 DRAM controller performs a normal 
read/write cycle. The operation of the disk emulator 
when a read error is detected is described later. 

The low signal on read B complement line 746 also 
drives the output signal from NAND gate 441 in RFRQ 
circuit 741 (FIG. 29), high. The high signal from 
NAND gate 441 removes the load signal to counter 
1136. Thus, counter 1136 starts to count and after four 
clock pulses on DRAM clock line 776. counter 1136 
rolls over and generates a high signal which passes 
through OR gate 443 to RFRQ output line 778. How- 
ever, in a normal read, as described below, the signal on 
read B complement line 746 goes high prior to four 
clock pulses on DRAM clock line 776 and the high 
signal on read B complement line 746 holds counter 
1136 in the load state. Thus, the roll-over of counter 
1136 is utilized only to remove a stuck read command. 

In the normal read cycle, the 8207 DRAM controller 
completes the read and sets the signal on XACKB com- 
plement line 779 low (FIG. 30^). The low signal on 
XACKB complement line 779 drives the output signal 
of AND gate 533 (FIG. 31) low. The low output signal 
from AND gate 533 is a first input signal to NOR gate 
530. The second input signal to NOR gate 530 is pro- 
vided by DRAM clock complement line 777. Thus, 
NOR gate 530 generates a high output signal when the 
signal on DRAM clock complement line 777 goes low. 



746 tri-sutes the input tenninals to the DRAM inte- 40 The high output signal from NOR gate 530 drives the 



grated circuits in DRAM array 822. Accordingly, when 
the 8207 DRAM controller loads the addressed word 
onto the 66-bit parallel bus, the word is available to 
parity circuit 804 (FIG. 12) and to the input terminals of 
latch circuit 803 (FIG. 11). 45 

Since parity circuit 804 (FIG. 12) is connected to 
66-bit parallel bus 700, i.e. lines D(66>-D(59) of parallel 
bus 700 are connected to the first eight input terminals 
A-H respectively of integrated circuit 1094; lines 
D(58)-D(51) are connected to the first eight input ter- 50 
minals A-H of the second integrated circuit 1095; the 
integrated circuits 1096-1101 are similarly connected to 
parallel bus 700; the integrated circuit 1102 has the lines 
D(l), D(2) connected to its input terminals A, B respec- 
tively; and the input terminal or terminals on the inte- 53 
grated circuits 1094-1102 which are not utilized are 
connected to ground, when the address field is loaded 
onto bus 700 parity circuit 804 generates a new parity 
bit for the word as it is retrieved from DRAM array 822 



output signal of NOR gate 519 low. The low output 
signal from NOR gate 519 presets flip-flop 517. Thus, 
the output signal from flip-flop 517, as previously de- 
scribed, causes the signal on read B complement line 
746 to go high (FIG. 30c) and the signal on read B line 
745 to go low (FIG. 30d), The low signal on read B line 
745 to the latch output enable line 742 (FIG. dOj) 
through multiplexer 1125 (FIG. 13) enables the parallel 
output terminals in latch circuit 803 (FIG. 11). 

The low output signal from AND gate 533 (FIG. 31) 
in response to the low signal on XACKB complement 
line 779 from 8207 DRAM controller also drives the 
low output signal of NAND gate 529 high. The high 
signal from NAND gate 529 passes through OR gate 
527 to the latch clock line 743. The high signal on latch 
clock line 743 (FIG. 30tg) captures the address field on 
66-bit parallel bus 700 in the latches of integrated cir- 
cuits 1112-1120 (FIG. 11), because each of the lines 
D(59)-D(66) of parallel bus 700 is connected to an input 



since the odd output terminal from each of integrated 60 terminal D and an output terminal Q of one stage of the 



circuits 1094-1101 is connected to an input terminal of 
integrated circuit 1103, and the even output terminal of 
integrated circuit 1103 is connected to the first input 
terminal of exclusive OR gate 302 (FIG. 11). Accord- 
ingly, integrated circuit 1103 provides the new parity 65 
bit corresponding to the word on bus 700 to the first 
input terminal of exclusive OR gate 302. The stored 
parity bit is provided over line D(0), the 67th line in the 



eight bit register comprising 1112, each of the lines 
D(51)-D(58) of parallel bus 700 is connected to an input 
terminal D and an output terminal Q of one of stage of 
the eight bit registers comprising I C 1113 and the lines 
D(3)-D('0) of bus 700 are connected to the integrated 
circuits 1114-1119 in a similar manner and the lines 
D(l)-D(2) are each connected to a stage of the eight bit 
register comprising integrated circuit 1120. The stored 
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parity bit on line D(0) is captured in a latch of integrated of J-K flip-flop 432. Hence, a low signal level is gener- 
circuit 1120 (FIG. 11). ated on output terminal Q of J-K nip-flop 432. This low 
Thus, the 8051 microprocessor 1063 (FIG. 21) upon output signal from J-K flip-flop 432 is a first input signal 
receipt of the seek signal from the SMD disk controller, to NOR gate 402. The output signal from OR gate 403 
has entered the rapid sector cycle mode and issued an 5 is the second input signal to NOR gate 403. OR gate 403 
index pulse. The index pulse and the sector address data has a fint input signal from terminal QD of counters 
from 8051 microprocessor 1063 effectively address the 1028 and a second input signal from terminal QA of 
zeroth word in the zeroth sector for the track specified counter 1027. The output signals from counters 1027, 
by the SMD controller, and reset and load the counters 1028 were set to a low level by the index signal on 
and latches in various circuits of the disk emulator. 10 sectorAmdex line 712 which cleared both counters. 
Subsequently, a scries of signals are generated which Thus, the output signal from OR gate 403 is low and so 
result in loading the address field and the stored parity both input signals to NOR gate 402 arc low. The result- 
bit for the zeroth sector of the track specified by the ing high output signal from NOR gate 402 drives the 
SMO disk controller into latch circuit 803. While the output signal from NOR gate 407 low which m turn 
resetting, addressing and loading operations were de- IS holds counters 1027, 1028 in the clear mode. Hence, the 
scribed sequentially, in real time, they occur simulu* high signal on writing complement line 710 to write 
neously and accordingly, unlike a conventional hard control circuit 806 efTectively inhibits the operation of 
disk drive, the disk emulator issues the index pulse im- write control circuit 806 (FIG. 15). 
mediately after receiving the seek command from the The low s ignal on writing line 709 to the inverter of 
SMD controller and is waiting for the next command 20 the terminal A/B of multiplexer 1125 in FIG. 13 selects 
from the SMD controller when a hard disk drive would the signals on input terminal A1-A4 of multiplexer 
still be searching for the track requested by the SMD 1125. which are read control signals for shift register 
controller. 802 and latch circuit 803. as described previously. The 

READING THE AHnRF^^ PIP! n generation and sequence of these signals are described 

READING THE ADDRESS FIELD j^j^^ ^-^^^ ^^^^ 3pp,i^^, 

The SMD controller asserts the read gate after re- a first input terminal of OR gate 415 in read counter 

ceiving the index pulse. The SMD controller asserts the circuit 810 (FIG. 18). Since the second input terminal to 

read gate by providing a differential signal on bit-1 lines OR gate 415 is connected to sector/index line 712, the 

J5-5, J5-35 (FIG. 6) from the SMD control cable that is output signal from OR gate 415 is low. This output 

enabled by a differential signal on tag-3 lines J5-33, J5*3 yo signal is applied to a first input terminal of NOR gate 

(FIG. 5) from the SMD control cable. Receiver 462 417 and accordingly the signal on the second input 

(FIG. 6), converts the differential signal on lines J5-5, terminal of NOR gate 417 determines the level of the 

J5-35 to a high signal on bit-1 line 703 and similarly output signal from NOR gate 417. 

receiver 459 in FIG. 5 generates a low signal on the . Hence, read counters 1022, 1023 (FIG. 18) are not 

Ug-3 complement line 702 from the differential signal 35 held off by the low signal on writing line 709. However, 

on lines J5-3, J5-33. counters 1022, 1023 arc still inhibited. Initially, the sig- 

In read/write gate circuit 812 (FIG. 33), the high nal on sector full complement line 758 from output 

signal on bil l line 703 is inverted by inverter 437 and terminal Q of the J-K flip-flop 498 in memory word 

the low output signal from inverter 437 is applied to a counter 807 (FIG. 19) to a first input terminal of N AND 

first input terminal of NOR gate 438. The low signal on 40 gate 409 (FIG. 18) is high because* as previously de- 

tag-3 complement line 702 is applied to the second input scribed, the index pulse cleared flip-flop 498. The signal 

terminal of NOR gate 438 and NOR gate 438 generates on read counter enable word 2-63 line 719 to a second 

a high signal on read gate line 706. The high signal from input terminal of NAND gate 409 (FIG. 18) is low 

NOR gate 438 also drives read/write gate line 705 because read counter enable word 2-63 line 719 is oon- 

throiigh OR gate 439. 45 nected to output terminal QD of counter 1012 (FIG. 16) 

The signal on bit-0 line 701, in read/write gate circuit and the signal on sector/index complement line 711, in 

812, is low when the read gate is asserted. Thus, the low response to the index pulse from microprocessor 1063, 

signal on bit-0 tine 701 is changed to a high signal by loaded a low sigfial on output terminal QD of counter 

inverter 435 and applied to a first input terminal of 1012. Accordingly. NAND gate 409 generates a high 

NOR gate 436 The low signal on tag-3 complement line 30 output signal wtUch drives a first input terminal of 

702 is applied to the second input terminal of NOR gate NAND gate 410 (FIG. 18) high. The high signal from 

436 and so the output signal from NOR gate 436 on ripple carry output terminal RCO of counter 1012 (FIG. 

write gate line 704 is low. 16) drives the second input terminal of NAND gate 410 

The low signal on write gate line 704 is applied and t he high signal from ripple carry output terminal 

through OR gate 585 to input terminal J of the J-K 55 RCXD of counter 1014 (FIG. 16) drives the third input 

flip-flop 584 in writing flag circuit 811 (FIG. 24), be- terminal of NAND gate 410. Thus, NAND gate 410 

cause the signal on SCSI read/write enable line 707, generates a low output signal which in turn drives the 

which is the second input signal to OR gate 585, is output signal from NAND gate 411 high, 

always low during normal operation of the disk emula- The high output signal from NAND gate 411 is ap- 

tor. Hence, on the next clock pulse on clock one line 708 60 plied to the input terminal D of D-type flip-flop 418. 

to J-K flip-flop 584, the output signal from terminal Q of Consequently, a clock signal on clock zero line 728 to 

flip-flop 584 drives the signal on writing output line 709 clock terminal CLK of flip-flop 418 generates a low 

from writing flag circuit 811 low, while the output signal on the output terminal Q of flip-flop 418. This 

signal from terminal Q of flip-flop 584 drives the signal low signal is inverted by NOR gate 416 because the 

on writing complement line 710 high. The high signal 65 second input signal, ie. the output signal of OR gate 

on writing complement line 710 is converted to a low 421, described below, to NOR gate 416 is also low. The 

signal by NOR gate 400 in write control circui t 806 high output signal from NOR gate 416 is applied to an 

(FIG, 15) and this low signal is applied to terminal CLR input terminal of NOR gate 417, which in turn gener- 
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atcs a low signal that holds counter 1022, 1023 in the FIG. 30/ Since the signal on writing line 709, which is 

clear mode. Hence, although the writing signal does not connected to the first input terminal of OR gate 535, is 

inhibit counters 1022, 1023, the high signal to the input also low, OR gate 535 (FIG. 31) generates a low signal 

terminal D of nip-flop 418 inhibits the counters and this which is applied to the second input terminal of OR 

signal does not change until one of the gap counters 5 gate 532. 

rolls over. The earlier high signal, which was generated in re- 

Since counters 1022. 1023 (FIG. 18) are in the clear sponse to the index pulse, on read line 733 (FIO. ^Ob) 

mode, the signal on output terminal QA of counter 1022 was inverted by NOR gate 537 (FIG. 31), and the low 

and the signal on output terminal QD of counter 1023 output signal from NOR gate 507 cleared flip*flop 538. 

arc both low. The low signal from the output terminal 10 Accordingly, the signal on output terminal <J, which is 

QA of counter 1022 is a first output signal to OR gate provided to the first input terminal of OR gate 532, is 

421 and the low signal from terminal QD of counter [qvv. Hence, both input signals to OR gate 532 are low, 
1023 is a second input signal to OR gate 421. Thus, OR qR gate 532 generates a low output signal that is 

gate 421 generates a low output signal which is passed applied to the second input terminal of N AND gate 529. 

to both input terminal J and input terminal K of J-K 15 (j^Qje if an error had been detected in retrieving the 

flip-flop 424 which is also clocked by clock tcro. The address field from the DRAM array, the error correc- 
low output signal from OR gate 421 also holds the D. process, described later, clocks nip-flop 538 so that 

type flip-flop 425 in the clear mode. On the next clock ^^^^^1 from flip-flop 538 to OR gate 532 is 

pulse on clock zero line 728, J-K flip-flop 424 supplies a ^-^^ ^ j ^y^^ ^cad with error case the output signal 

low signal to a second input terminal of NOR gate 419 20 ^^^^ 532 remains high.) 

which also has a low sipud on the first input terminal ,^ ^^^^^ ^^^^ OR gate 532 (FIG. 

from output tcrmmal Q of flip-flop 418. Thus, NOR 3,. j^^j^jj 5^9 generates a high output signal. The 
l^^^*i^?T"*f,^ high signal on input termmal J of ^ ^- ^^^^ j^^j^jj 529 p^^ses through 

the J-K mp-flop422 TJe low signal on output terminal onto latch clock line 743. See FIG, 30^?. 

QA of the counter 1022 is inverted by mvertcr 427 and 25 j^^^^^ originally inverted the address, field 

the resultmg high signal is passed through OR gate 420 terminal of each latch is tied to the 

to mput termmal K of J-K flip-flop 422 Accordmg y, ^^^^ ^^^^ ^„ ^^^^ 

J-K flip-flop 422, on the nsing edge of the clock pulse ^J^^ ^^^^ -^^ ^^^^^ 

on clock rero Ime 728. generates a high signal on ou put ^ 

termmal Q to output zero line 729 and a low signal on 30 ' ^* . " . ... 

output leiiunal ^ to output zero complement line 730. *^ .^^ low 

Umil one of the input signals to NAND gates 409 or . l**' "^"^ \ " ^ ^.?T h JZ 

410 change and the r«ulting change in the output signal ^^"^ ^"/^"^ I,n r^ir ^i^^ w^t 

of NAND gate 411 is clocked through flip-flop 418:the ^"JP'?* . ^AND gate 410 (FIG. 18) high 

signal on output zero complement line 730 from output 35 ^^J'^^^ m turn dnves the output si^ from NAND gate 
terminal ?5 of J-K flip-flop 422 (FIG. 18) provides a low ^ ^^own HG 34a The response of read 

signal to a first input terminal of AND gite 593, shown counter arcuit 810 (FIG. W).^^ ''\^^y^ 

in HG. 10. Accordingly, the output signal from AND ^[ ^"1? *®3? ".^^"^^^^^^f* U^:^ 

gate 593, which drives read data line 755, is low inde- 34z^ I" F^p. 34<7 through FIG. 34z, the numbers on the 
pendent of the signal on serial data output line 738 from 40 h"id side of the figure represent the co 

shift register 802 to the second input terminal of AND ^ f«ad counter circmt 810 u) FIG. 18 with the same 

ggjg 593 number, and "INI" 1$ the first mput terminal of the 

The low signal on read data Une 775 U converted by component, "IN2" is the scw>nd input terminal of the 

the differential current mode driver 476, shown in FIG. component, and "OUT is the output terminal of the 

7, 10 a difl-erential signal on the lines J4-3, J4.16 to the 45 component. The number m parentheses represents an- 

SMD disk controller. The low signal provided by other terminal havmg the same signal level as the given 

driver 476 (FIG. 7) to the SMD disk controller in re- terminal. The first clock pulse on clock zero Ime 728 to 

sponse to the low output signal from AND gate 593 D-type flip-flop 418 after counter 1014 (FIG. 16) rolls 

represents the information in the sector prior to the over latches the low output signal from the NAND gate 
address field. 50 (FIG^ 18) and generates a high signal on output 

This demonstrates another advantage of the disk terminal Q of flip-flop 418 (FIG. 346). This high signal 

emulator. Since the disk emulator has neither a rotating is changed to a low signal by NOR gate 419, (FIGS, 

storage media nor mechanical read/write heads, the 34r, 34r and 34/) and the low signal is applied to input 

nonsector-specific information is not required for opera- terminal J of flip^op 422 (FIG. 34tt). However, the 

tion of the disk emulator. Accordingly, the nonsector- 55 signal to terminal K of flip-flop 422 remains high. (FIG, 

specific information is not stored in DRAM array 822, 340 and therefore the output signals from flip-flop 422 

but rather recreated as a string of zeroes when the SMD remain unchanged (FIG. 34^) on the next clock pulse to 

disk controller reads from the disk emulator. This re- flip-flop 422. . . 

suits in a more efficient utilization of the storage media The high signal on terminal Q of flip-flop 418 is in- 
in the disk emulator than is achievable in a conventional 60 verted by NOR gale 416 (FIGS. 34c, 34</ and 34«) and 

bard disk drive. the resulting low signal from NOR gate 416 is inverted 

When the end ofthe first gap in the sector prior to the by NOR gate 417 (FIG. Mf) because, as previously 

address field is reached, first gap counter 808 (FIG. 16) described, the other input signal to NOR gate 417 is also 

comprised of counters 1013, 1014 rolls over and the low. The high output signal from NOR gate 417 re- 
signal on first gap counter carry line 722 to NAND gate 65 moves the clear signal to counters 1022, 1023 (FIG. 18). 

410 in read counter circuit 810 (FIG. 18), and to a sec- Thus, the fu^t clock pulse after the carry signal from the 

ond input terminal of OR gate 535 in latch clock/error first gap counter 808 (FIG, 16) enables read counters 
detection circuit 805 (FIG. 31) goes low as shown in 1022, 1023 (FIG. 18). 
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The second clock pulse on clock zero line 728 after 
counlcr 1014 (FIG, 16) rolls over drives the signal on 
output terminal QA of counter 1022 high (FIG. 18). 
The high signal from terminal QA passes through OR 
gate 421 (FIG. 34;}, to input terminals J. K of flip-flop 5 

424 (FIG. 34;?) and removes the clear signal lo flip-flop 

425 (FIG. My). The high signal from terminal QA of 
counter 1022 is also applied to the input terminal of 
inverter 427 which in turn generates a low signal which 

is applied to a second input terminal of OR gate 420 10 
(FIG. 34/:). The first input terminal of OR gate 420 
(FIG. 34» receives a low signal from the output termi- 
nal QD of counter 1023. Accordingly. OR gate 420 
generates a low signal (FIG. 34m) that is applied to 
terminal E5 of counters 1022, 1023. to input terminal K IS 
of J-K flip-flop 422 (FIG. 34v) and to the input terminal 
of inverter 582. 

Inverter 582 generates a high signal on the first input 
terminal of AND gate 423, The high signal on SCSI halt 
complement line 727 is connected to the second input 20 
terminal of AND gate 423 and so AND gate 423 gener- 
ates a high output signal (FIG. 34/i)» on SI line 731, The 
high signal on SI line 731 is applied to the terminal SI 
of integrated circuiu 1104-1111, 1121 in shift register 
802 (FIG. 10). Since both the terminal SO and the tcrmi- 25 
nal SI are high, on the third clock pulse after the first 
gap counter rolls over, the signal on the parallel input 
terminal of each register comprising shift register 802 
(FIG. 10) from the line of parallel 66-bit bus 700 is 
loaded into the register because lines D(59)-D(66) of 30 
bus 700 are connected to the parallel input/output ter- 
minals A-H respectively of the integrated circuit 1104, 
the lines D(51)-D(50) of bus 700 are connected to the 
terminals A-H respectively of the integrated circuit 
1105. and the remaining lines D(l)-D(50) of bus 700 are 35 
connected to the integrated circuits 1106-1111, 1121 in 
a similar fashion. Hence, on the third clock pulse af^er 
the furst gap counter rolls over each register in 66-bit 
shift register 802 is loaded simultaneously with one bit 
of the 66-bit word on parallel bus 700 from latch circuit 40 
803, and the fourth clock pulse starts to shift the address 
field through the serial path of shift register 802 to 
AND gate 593. 

Specifically, on the fourth clock pulse on shift regis- 
ter clock line 739, the bit in register B of IC 1121 (FIG. 43 
10) is shifted onto serial data output line 738 and the bit 
in register A of I C 1121 is shifted into register B of IC 
1121. The bit in register H of IC 1111 is shifted into 
register A of IC 1121 over the line connecting terminal . 
QH of IC 1111 to terminal SR of IC 1121 and each 50 
additional bit in IC 1111 is shifted one bit internally 
within IC 1111. The bit in register H of IC 1110 is 
shifted in register A of IC 1111 over the line connecting 
terminal QH of IC 1110 to terminal SR of IC 1111 and 
each bit is shifted one bit internally in IC 1110. IC 1109 55 
through IC 1104 are similarly interconnected and so the 
bits in IC 1109 through IC 1104 also are shifted one 
register by the fourth clock pulse on line 739. - 

Recall that, as shown in FIG. 34, the second clock 
pulse, which generated the high signal on SI line 731, 60 
also generated a low signal on terminal K of J-K flip- 
flop 422 (FIG, 34 v) and a high signal on terminal J of 
J-K flip-flop 422 (FIG. 34w). Thus, on the third clock 
pulse on clock zero line 728, J-K flip-flop 422 toggles 
(FIG. 34w) and generates a high signal on output zero 65 
complement line 730. Thus, when the first bit of the 
address field is input to a fint input terminal of AND 
gate 593, the high signal on the output zero complement 
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line 730 is present on the second input terminal of AND 
gate 593, and the signal corresponding to the first bit of 
the address field is the output signal of AND gate 593 
on read daU line 775 to the differential current mode 
driver 476, in FIG. 7, which drives the SMD data lines 
J4-3, J4.16. 

Also, on the third clock pulse after first gap counter 
808 rolls over, the low signal on each input terminal A, 
B, C, D of counter 1022 (FIG. 18), the low signal on 
input terminals A, B of coimter 1023 (FIG. 18), and the 
low signal on input terminals C D of counter 1023 are 
loaded into counters 1022, 1023 because the signal on 
terminal EC of counters 1022, 1023 is low. The third 
clock pulse also shifts the high signal on the input termi- 
nal D (FIG. 34;r) of flip-flop 425 to its output terminal 
Q (FIG. 34r). The high signal from output terminal Q of 
flip-flop 425 is applied to a first input terminal of OR 
gate 426 which in turn generates a high signal on early 
read line 734 and on input terminal Bl of the first mono- 
stable multivibrator in integrated circuit 1144. The high 
signal from OR gate 426 generates a sequence of signals 
from multivibrator integrated circuit 1144 identical to 
those described previously for the high signal on read 
zero line 724. 

However, prior to the generation of the read pulse on 
read line 733 by the second monostable multivibrator in 
integrated circuit 1144 (FIG. 18), which starts the sec- 
ond read from DRAM array 822, the address to the 
DRAM array is incremented because when the signal 
on the output terminal Q of flip-flop 425 goes high 
(FIG. 34z) the signal from output terminal Q of flip-flop 
425 (FIG. 18) drives the signal on read word counter 
line 732 low. The low signal on read word counter line 
732 drives the signal on the counter clock line 780 from 
NAND gate (FIG. 3) 406 high. 

The fourth clock pulse on clock zero line 728 after 
the rollover of first gap counter 808 loads the high 
signal on counter clock line 780 into in D-type flip-flop 
488 (FIG. 19) and the signal on counter clock line 780 
eoes to a low level because the signal on output terminal 
Q of flip-flop 425 (FIG. 18) goes high. The resulting 
high signal on output terminal Q of flip-flop 488 (FIG. 
19) energizes counter 1055, The fifth clock pulse after 
rollover of first gap counter 808 increments cotmter 
1055 and loads the low signal from counter clock line 
780 into flip-flop 488, which in turn removes the high 
signal on terminal ENP of counter 1055. The high sig- 
nal on the output terminal QA of counter 1055 after Che 
fifth clock pulse drives the signal on line J2-32 to the 
terminal BSO of the 8207 DRAM controller high. This 
increments the address for DRAM array 822 from the 
zeroth word in the sector to the first word in the sector. 

Also, the high signal on output terminal QA of 
counter 1055 drives the output signal from inverter 505 
low which in turn drives the output signal from NOR 
gate 506 high because the signal from output terminal 
QB of counter 1055 (FIG. 19) to the second input termi- 
nal of NOR gate 506 is still low. Since the output signals 
from NOR gates 508 and 507 remain unchanged from 
the levels previously described, the high output signal 
from NOR gate 506 causes the output signal from 
NAND gate 510 to switch from high to low. The low 
output signal from NAND gate 510 changes the output 
signal from OR gate 515 to a low level. The low signal 
from OR gate 515 on address one detection complement 
line 755 enables data sync comparator 1122 (FIG. 13). 

The high signal from terminal QA of counter 1055 
(FIG. 19) also drives the output signal from NOR gate 
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509 low which in turn drives the output signal from 
NAND gate 511 high. The high output signal from 
NAND gale 511 changes the output signal from OR 
gale 514 to a high signal and the input signal to the first 
input terminal of NAND gate 512 to a high signal. The 
high signal from OR gate 514 (FIG. 19) on address zero 
detection complement hne 754 disables address sync 
comparator 1123 (FIG. 13). The high signal on word 
address 2-63 complement line 756 is not changed as a 
result of the high signal on terminal QA of counter 1055 
because NAND gate 512 still has a high input signal and 
a low input signal and hence generates a high output 
signal. 

When the read signal is generated by the second 
multivibrator of integrated circuit 1144, memory word 
counter circuit S07 has generated a signal which causes 
the 8207 DRAM controller to address the first word in 
the sector and also has enabled the data sync compara- 
tor. As described previously, the read pulse causes the 
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Thus, the signal on the second input terminal of AND 
gate 531 is also high and AND gate 531 generates a high 
output signal which passes through OR gates 528, 527 
to latch clock line 743 (FIG. 35e). Recall, the latches in 
the latch circuit 803 (FIG. 11) latch inverted dau but 
the input terminal of each latch is connected to its out- 
put terminal. Accordingly, this high signal on the latch 
clock line 743 to latch circuit 803 (FIG. 11) simply 
inverts the data in each latch and therefore provides the 
first word of the sector in latch circuit 803 so that it is 
ready to be loaded into shift register 802 (FIG. 10). 

When counters 1022» 1023 in FIG. 18 roll over, the 
signal to the first input terminal of OR gate 421 from 
terminal QA of counter 1022 is low and the signal to the 
second input terminal of OR gate 421 from terminal QD 
of counter 1023 is also low. Thus, OR gate 421 gener- 
ates a low output signal that is inverted by NOR gate 
416. The high output signal from NOR gate 416 is in- 
verted by NOR gate 417 and the low signal from NOR 



word addressed by the 8207 DRAM controller to be 20 gate 417 clears counters 1022, 1023. Also, the low out- 



loaded into latch circuit 803. As shown in FIG. 35. the 
sequence of signal is identical to the sequence in FIG. 30 
through the time of the first signal on latch clock line 
743. Consequently, the first word in the sector is stored 
in latch circuit 803 (FIG. 11) ready to be inverted and 25 
then loaded into shift register 802 (FIG. 10) before the 
zeroth word is completely shifted out of shift register 
802 (FIG. 10). 
Returning to the second clock pulse after the rollover 



put signal from OR gate 421 clears flip-flop 425 and is 
applied to the input terminals J, K of J-K flip-flop 424. 
The low output signal from terminal QA of counter 
1022 drives the output signal of inverter 427 high, and 
the high signal from inverter 427 passes through OR 
gate 420 to input terminal K of J-K flip-flop 422, 

The first clock pulse on dock zero line 728 after 
counters 1022, 1023 (FIG. 18) roll over drives the signal 
on terminal Q of J-K flip-flop 424 low and thus, both 



of first gap counter 808. the signal from the output 30 input signals to NOR gate 419 are low and consequently 



terminal Q of flip-flop 418 in FIG. 18 to NOR gates 416, 
419 goes low, as shown in FIG. 34^. However, the high 
signal on output terminal QD of the counter 1023 passes 
through OR gate 421 (FIGS. 34A, 340 to NOR gate 416 



NOR gate 419 generates a high signal to input terminal 
J of J-K flip-flop 422. Since the signal on terminal iC of 
flip-flop 422 is high, the second clock pulse on clock 
zero line 728 after counters 1022, 1023 roll over drives 



(FIG. Md) which in turn generates a low output signal 35 the output signal on output zero complement line 730 



(FIG. 34e). The low output signal from NOR gate 416 
drives the output signal from NOR gate 417 high (FIG. 
34/). The high signal from NOR gate 417 to the terminal 
CLR of the counter 1022 holds off the clear function 



low which in turn drives the output signal on the dau 
output line from AND gate 593 low. 

Since the counters 1022, 1023 count sixty-four clock 
pulses and two additional clock pulses were required to 



until counter 1023 rolls over. This permits the 8 byte 40 disable the disk emulator output, the full 66 bit address 



address word to be shifted serially out of the shift regis- 
ter 802 because, as described below, two clock pulses 
after the counters 1022, 1023 roll over, the signal on the 
output zero complement line 730 goes low which drives 
the output signal from the disk emulator low, as de- 
scribed previously. 

Counter 1023 in read counter circuit 810 (FIG. 18) 
rolls over when two bits of the address field are still in 
shift register 802, because, as previously described, after 



field was shifted out of shift register 802 and now the 
disk emulator system is generating zeros to simulate the 
gap between the address field and the data field. 
Thus, the SMD controller issued a seek command 
45 and the head and track infonnation and in response the 
disk emulator virtually instantaneously translated the 
head and track information into higher order addresses 
for the DRAM array and issued a seek end signal to the 
SMD controller indicating the track specified was lo- 



counters 1022, 1023 are loaded they count 64 clock 50 cated. The index pulse initialized the disk emulator and 



pulses and roll over, and coimter 1022 started to count 
when the first bit was transferred out of shift register 
802. As counter 1023 rolls over a high signal is gener- 
ated on read counter TC line 781 (FIG. 35j). The high 
signal on read counter TC line 781 is passed to a first 35 
input terminal of AND gate 534 in latch clock/error 
detection circuit 805 (FIG. 31). Clock zero line 728 is 
coupled to the second input terminal of AND gate 534 
through an inverter 536. Since the signal on read 



loaded the address field for the track specified into latch 
circuit 803. 

Upon receiving the index signal, the SMD disk con- 
troller asserted the read gate, and in response the disk 
emulator supplied the SMD controller with a string of 
zero biu for the gap in the sector prior to the address 
field. When the precise number of bits in the gap was 
generated, the rollover of the first gap counter 808 
loaded the address field for the zeroth sector of the 



counter TC line 781 goes high when the clock zero 60 specified track into shift register 802 and the address 



pulse goes low, both input signals to AND gate 534 are 
high and the high output signal from AND gate 543 is 
applied to the firs! input terminal of AND gate 531. The 
second input terminal of AND gate 531 is connected to 
terminal Q of flip-flop 538. The high signal on read line 65 
733, which initiated the reading of the first word in the 
sector, was also applied to NOR gate 537 and NOR gate 
537 generated a low signal that cleared flip-flop 538. 



field was serially supplied to the SMD disk controU^-. 

While the address field was being serially supplied to 
the SMD disk controller, the disk emulator loaded the 
first word of the zeroth sector of the track specified by 
the SMD disk controller into latch circuit 803. When 
the address field was shifted out of shift register 802, the 
disk emulator again supplied a series of zero bits to the 
SMD disk controller to represent the gap between the 
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address field and the start of the dau field. Accord- sector/index line 712, read zero line 724, and a low 
ingly, to this time the disk emulator has performed the signal on sector/index complement line 711. The signals 
samefunction as a hard disk drive, except the seek time generated by sector/index circuit 817 in response to a 
has been significantly enhanced- sector pulse from microprocessor are identical to 

DISK CONTROLLER RESPONSE TO ADDRESS ^ generated by sector/index circuit 817 in 

FIELD response to an index pulse from microprocessor 1063. 

Accordingly, the sequence of signals, described 

Attcr the SMD disk controller receives the address above for the response of the disk emulator to the index 

Held for the zero sector in the track specified by the signal, is identically repeated by the disk emulator in 
controller, the SMD disk controller always deasserts 10 response to the sector pulse. The signals on sector/in- 

the read gate at the write splice field of the sector which dcx line 712 and sector/index complemeni line 714 reset 

IS jmmcdialely after the address field. Next, the SMD the same countere and fiip-flops as described above and 

disk controller initiates one of three actions; load the same counters. First gap counter 808 (FIG. t€) 

1. If this is the sector to read, the SMD controller rolls over and the address field for the first sector in the 
reasserts read gate. is track specified by the SMD disk controller is loaded 

2. If this IS the sector to write, the SMD controller into shift register 802 and subsequently provided to the 
asserts write gate. SMD disk controller whUe the first word for the first 

3. If this is not the sector of interest, neither gate is sector is loaded into latch circuit 803. 

asserted by the SMD disk controller. If the SMD disk controller does not assert the read 
Actions 1 or 2 occur a predetermined time after the 20 gate or write gate after receiving the address field for 
sector/index signal is issued to the SMD controller by the fint sector of the track specified by the SMD disk 
the disk emulator. The 8051 microprocessor 1063, in controller, the 8051 noicroprocessor 1063 issues another 
FIG. 21, polls the terminal P37 to which read/ write sector pulse and the address field for the second sector 
gate line 705 is atuched and determines if either read of the track is provided to the SMD disk controller, 
gate or write gate has been asserted by the SMD disk 25 Thus, the address headers are read by the SMD disk 
controller and consequently read/write gate circuit 812, controller at predetermined intervals until the desired 
shown in FIG. 33, has generated a high signal on read/- sector is found. If the desired sector is the last one on 
write gate line 705, as described previously. the track, i.e. the thirty-second sector, three hundred 
The predetermined time is defined by counters 1015, twenty microseconds (10 microseconds X 32) arc re- 
1016 (FIG. 17) and 8051 microprocessor 1063 (FIG. 30 quired to locate the sector when the predetermined 
21). Counter 1015 generates a high signal on line 850, interval is taken as 10 microseconds, A conventional 
which is connected to output terminal QC of counter hard disk typically may require up to 16 milliseconds to 
1015, for every eight clock pulses counted, in a manner locate the correct sector after the track is located, 
similar to that described previously for byte clock Hence, the disk emulator reduces the average rotational 
counter 1016, but counter 1015 is enabled to count only 35 latency by a factor of 500 in this example, 
every sixteenth clock pulse Jo counters 1015, 1016 be- This represenu a significant increase in performance 
cause the enable terminal G of counter 101 5 is c on- over a conventional hard disk and the rotational latency 
nected to the ripple carry output terminal RCO of of the disk emulator is no longer the limiting factor in 
counter 1016. Thus, counter 1015 generates a clock the response of the disk system. Now, the performance 
pulse on line 850 every 16 bytes where one bit is a clock 40 of the SMD disk controller and the disk emulator is 
pulse on clock zero line 728. bounded by the response time of the SMD disk control- 
The high signal on line 850 b applied to the input pin ler. Accordingly, to further improve the latency re- 
F35 of microprocessor 1063 (FIG. 21). The predeter- quires a change in the SMD convention. This increase 
nained time isjJcfined by the pulse width of the signal on in performance over prior art SMD compatible hard 
line 850. Microprocessor 1063 monitors the signal on 45 disks is achieved by using a volatile memory and cir- 
pin P35 and the end of the predetermined time is when cuitiy to provide contiguous binary addresses based 
the high signal on pin P35 goes low. As an example, a upon the information provided by the SMD disk con- 
predetermined time often microseconds is used, but the troller rather than by enhancing the speed of the hard 
actual time depends upon the clock frequency of the disk, the density of the hard disk or the method of stor- 
SMD disk controller to which the signal on clock zero 50 age of daU on the hard disk, which arc the methods 
line 728 corresponds and the response characteristics of suggested by the prior art 



8051 microprocessor 1063. 

CONTINUATION OF RAPID SECTOR CYCLE 



READING THE DATA FIELD 



When the address field provided to the SMD control- 
If the signal on the terminal P37 of the 8051 micro- 53 ler corresponds to the sector sought by the controller, 
processor 1063 does not go high within the predeter- the conuoller asserts the read gate if the central pro- 
mined time, e.g. 10 microseconds, microprocessor 1063 ccssing unit driving the SMD disk controller has re- 
continues by incrementing the sector address by one bit quested the daU stored in that sector. When the read 
on output terminals P0O-PO4 and issuing a sector pulse gate is asserted read/write gate circuit 812 (FIG. 33) 
on output terminal P05. The program used in micro- 60 provides a high signal on read/write gate line 705 to 
processor 1063 to implement the functions described terminal P37 of microprocessor 1063 (FIG. 21) and 
herein is given in Microfiche Appendix A and incorpo- when the niicroprocessor polls terminal P37 and detects 
rated herein by reference. An Avocet Cross-Assembler, the high signal it immediately leaves the rapid sector 
AVpM-51, was used to configure the program for use cycle mode of its operation. Since the read gate has 
in microprocessor 1063 using procedures known to 65 been reasserted, the sUtus of the disk emulator is identi- 
those skilled in the art. The sector/index circuit 817 in cal to that described above when the disk emulator 
FIG. 23 receives the sector pulse from microprocessor provided the address field for the zeroth word after the 
1063 on sector line 713, and generates a high signal on index pulse. Accordingly, first gap counter 808 has 
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rolled over, the address field for the sector has been only increases the speed of the disk emulator but also 
provided to the SMD disk controller and the first word niakes it possible to eliminate both the mechanical 
of the sector is in latch circuit «03 (FIG. 11) ready to be mechanisms used in a conventional hard disk and the 
loaded into shift register 802 (FIG. 10), and now a scries storage of the nonsector-specific mformation. 
of zeros are being provided by J-K fiip-fiop 422 on 5 After the disk emulator has provided the first word in 
output zero complement line 730 to AND gate 593 the data field to the SMD disk controller, the disk emu- 
(FIG. 10). These zeros represent the second gap be- lalor must continue to sequentially provide word two 
tween the address field and the first word in the data through word sixty-three of the data field to the SMD 
field. disk controller. Accordingly, the sequence of sipals in 

During this period, since a sector/index pulse is not 10 the read counter circuit 810 continues as shown » FJG. 
issued, there is no initialization of the circuits in the disk 36. As the first word in the sector is shifted out of^ft 
emulator and memory word counter circuit 807 (FIG. register 802 (FIG. 10), read counter circuit 810 (FIG. 
19) and latch clock/error detection circuit 805 (FIG. 18) is not inhibited by the rollover of counter 1023 as it 
31) remain in the configuration created in supplying the was when the zeroth word was shifted out of shift regis- 
address field to the SMD disk controller, as previously 15 tcr 802 because the input signal (HG. 36a) to flip-flop 
described. Accordingly, the state of the circuits in the 418 docs not go high on the fu^t clock puke after sec- 
disk emulator docs not change until counter 1012 in ond gap counter 809 (FIG. 16) rolls over as the signal to 
second gap counter 809 (FIG. 16) rolls over. flip-flop 418 did when the first gap counter rolled over 

When second gap counter 809 (FIG. 16) has counted (FIG. 34a). 
the number of bytes from the index pulse to the surt of 20 When the signal on the termmal RCO of counter 1012 
the data field, counter 1012 generates a low signal on in second gap counter 809 (FIG, 16) returns to a high 
output terminal which drives the signal on second level, the signal on terminal QD of counter 1012 ffoes 
gap counter carry line 721 to the second input terminal high and this high signal is applied to tenninal G of 
of NAND gate 410 (FIG. 18) low. Hence, when counter 1011. The high signal on terminal G of counter 
counter 1012 rolls over, the output signal from NAND 25 1011 inhibits second gap counter 809. In addition, the 
gate 410 (FIG. 18) switches from a high output signal to high signal from output terminal QD of counter 1012 is 
a low output signal. This is similar to the sequence of applied to the first input terminal of the NAND gate 
signals which occurred when first gap counter 808 409 in read counter circuit 810 (FIG. 18). Since the 
rolled over. Accordingly, the timing diagram shown in second terminal of NAND gate 409 is connected to 
FIG. 36 is similar to that in FIG. 34 since read counter 30 sector ftill complement line 758 which carries a high 
circuit 810 cannot differentiate between a signal gener- signal, as previously described, the output signal from 
atcd by the rollover of first gap counter 808 and a signal , NAND gate 409 switches from a high signal to a low 
generated by the rollover of second gap counter 809. signal. Accordingly, when the high signal on second 

However, the rollover signal from the first gap read counter carry line 721 to the second input terminal 
counter was used to clock latch circuit 803 (FIG. 11), as 35 of NAND gate 410 switches to a low signal, the output 
shown in FIGS. 30/, 30g, and as described previously. signals from NAND gates 410 and 411 are held constant 
Now the input signal to NAND gate 410 (FIG. 18) from by the low output signal from NAND gate 409 and a 
the rollover of second gap counter 809 (FIG. 16) is not low signal is maintained at input terminal D of flip-flop 
provided to latch circuit 803 (FIG. 11) because, as de- 418. Accordingly, the signal at the output terminal Q of 
scribed previously, while the address field was shifted 40 flip-flop 418' remains high as shown in FIG. 36a. 
out of shift register 802, the disk emulator latched and While this high input signal to flip-flop 418. (FIG. 
inverted the first word in the data field in latch circuit 36a) creates a different timing diagram than that shown 
803 and so the first word is ready to be loaded into shift in FIG. 30 for the response of read counter circuit 810 
register 802 when second gap counter 809 rollovers. after the rollover of first gap counter 808. JThe differ- 
Accordmgly, a clock pul^ to latch circuit 803 is not 45 ence is si^ificant only when counter i023 rolls over, 
required. The difference does not affect the initial response of 

Thus, two clock pulses after the rollover of counter read counter circuit 810. 
1012 in second gap counter 809, the first word in the When counters 1022, 1023 in reid counter circuit 810 
sector is loaded from latch circuit 803 into shift register (FIG. 18) roll over and the signal on terminal QA of 
802 and then serially supplied to the SMD disk control- 50 counter 1022 and the signal on terminal QD of counter 
ler on subsequent clock pulses, as described previously 1023 go low, the counters are not inhibited as they were 
for the zeroth word of the sector, and the second word when the address field was read. Rather, the sequence 
in the sector is loaded into latch circuit 803 and inverted of signals shown in the timing diagram of FIG. 36a 
by the means previously described, while the first word through FIG. 36r occur after the rollover of counters 
of the sector is being serially shifted out of shift register 53 1022. 1023. In fact, the sequence of signals after the 
802. rollover of counters 1022. 1023 in FIG. 36a through 36r 

Thus, at this point tn the read from the disk emulator, ' is repeated for the second through the sixty-third word 
the disk emulator has provided the complete sector of the sector. 

prior to data field to the SMD disk controller even The first clock pulse on clock zero line 728 after 
though the sector-specific address field was the only 60 counter 1023 rolls over does not change the high signal 
portion of the sector stored by the disk emulator. The on output terminal Q of flip-flop 418 (FIG. 366) be- 
string of zeros generated by the disk emulator to repre- cause, as described above, the signal on input terminal 
sent the first gap and the second gap are accepted as D of flip-flop 418 (FIG. 36a) remains low. Accordingly, 
valid dau by the SMD disk controller and since the disk the low signal applied to input tenninal i of flip-flop 422 
emulator has no need for the nonsector-specific data, 65 (FIG. 36m) remains unchanged because, as described 
the generation of the zeroes has no affect on the abUity above, the high signal from output terminal Q of flip- 
of the disk emulator to interface with the SMD disk flop 418 is coupled to input terminal J of flip-flop 422 
controller. Hence, the use of the volatile memory not through NOR gate 419. Also, the high signal on termi- 
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nal Q of flip-flop 418 is inverted by NOR gate 416 and (FIG. 11). counter 1054 in memory word counter cir- 

the resulting low signal from NOR gate 416 is inverted cuit 807 (FIG. 19) generates a high signal on output 

by NOR gate 417. Hence, the high output signal from terminal KCO in response to the high signal on counter 

NOR gate 417 continues to enable counters 1022, 1023, clock Une 780. Hence, both input signals, the signal 

and the first clock pulse on clock zero line 728 after 5 from terminal RCO of counter 1054 and the signal from 

counter 1023 rolls over drives the signal on output ter- terminal Q of flip-nop 488. to AND gate 496 are high 

minal QA of counter 1022 high (FIG. 36^). The high and J-K flip-flop 496 generates a high signal on sector 

signal from terminal QA passes through OR gale 421 full line 757 and a low signal on sector full complement 

(FIG. 360 to input terminals J. K of flip-flop 424 (FIG. line 758. 

3^) and removes the clear signal to flip-flop 425 (FIG. 10 NAND gate 409 in read counter circuit 810 in FIG. 
36>'). The high signal from terminal QA of counter 1022 18 has both input signals low so that the output signal of 
is also applied to the input terminal of inverter 427, NAND gate 409 goes high, which results in a high 
which in turn generates a low signal. The low output signal on input terminal D of flip-flop 418, as previously 
signal from inverter 427 is applied to a second input described. Consequently, when counters 1022, 1023 in 
terminal of OR gate 420 (FIG. 36A:). The first input 15 read counter circuit 810 roll over after the last word in 
terminal of OR gate 420 receives a low signal from the sector, counters 1022, 1023 are inhibited just as they 
output terminal QD of counter 1023, Accordingly, OR were at the end of the address field previously de- 
gate 420 generates a low output signal (FIG. 36m) that scribed. 

is applied to tOTiinaJ ED of counters 1022. 1023, to After the sixty-third word of the sector is shifted out 
input terminal K of J-K fiip*flop 422, and to the input 20 of the disk emulator, the read operation is completed. If 
terminal of inverter 582. the SMD disk controller wants to read another sector 
Inverter 582 generates a high signal on the first input from the disk emulator, the controller issues another 
terminal of AND gate 423. The high signal on SCSI halt seek or read gate signal and the prior process is re- 
complcment line 727 is connected to the second input peated. Hence, the novel disk emulator of this invention 
terminal of AND gate 423 and so AND gate 423 gener- 25 appears to the SMD disk controller as a hard disk drive 
atcs a high signal. (FIG. 36/i) on SI line 731. The high with substantially improved performance. The seek 
signal on SI line 731 is applied to the SI terminal of time and the rotational latency arc significantly en- 
integrated circuits 1104-1111, 1121 (FIG. 10) and since hanced and the utilization of the DRAM array is more 
the signals oh both terminal SO and terminal SI are high, efficient than the utilization of the disk space in a hard 
on the second clock pulse after counter 1023 (FIG. 18) 30 disk drive. 

rolls over the second word, which is on parallel 66-bit „,«i^kt/- ^ a-t.* t^tt., 
bus 700 from latch circuit 803. is loaded into shift regis- WRITING TO THE DATA FIELD 
tcr 802 as the last bit of the first word is shifted out of When the central processor wants to store data in the 
shift register 802. disk emulator, the SMD disk coniroller initially pro- 
Recall that, as shown in FIG. 36v, the first clock 35 ceeds as previously described. That is, the SMD disk 
pulse, which generated the high signal on SI line 731 controller issues a seek command and supplies the head 
also generated a low signal on terminal K of the J-K and track information to the disk emulator. The disk 
flip-flop 422 and the low signal on terminal J of J-K emulator issues an index pulse and the SMD disk con- 
flip-flop 422 remained unchanged, as shown in FIG. troller asserts the read gate. The disk emulator proceeds 
36i/. Thus, on the second clock pulse on clock zero line 40 in the rapid sector cycle mode, previously described, to 
728 the output signals of J-K flip-flop 422 remain un- supply address fields for each sector in the specified 
changed as shown in FIG. 36^, for output terminal track until the correct location in the track is found. 
Also, on the second clock pulse after counter 1023 Then, after the correct location is found, the SMD 
rolls over, the low signal on each input terminal A. B, controller asserU the write gate. Again, the disk emula- 
C, D of the counter 1022. the low signal on input termi- 45 tor eliminates the seek time and substantially reduces 
nals A, 6 of counter 1023. and the high signal on input the rotational latency so that the disk emulator is ready 
terminals C, D of counter 1023 are loaded into the to receive data from the SMD controller much faster 
counters 1022, 1023 because the signal on terminal LD than a conventional hard disk drive, 
of counters 1022. 1023 is low. The second clock pulse When the SMD disk controller asserts the write gate, 
also shifts the high signal on input terminal D of the 50 the disk emulator is in a configuration identical to that 
flip-flop 425 to its output terminal Q (FIG. 36r). The described previously in the read cycle after the desired 
high signal from output terminal Q of flip-flop 425 is sector was identified and the read gate reasserted. The 
applied to a first input terminal of OR gate 426 which in memory word counter circuit 807 (FIG. 19) is incre- 
tum generates a high signal on early read line 734 and mentcd to address the first word in the sector. The 
on input terminal Bl of a first monostable multivibrator 55 signal on the address zero detection complement line 
in integrated circuit 1144. The high signal from OR gate 754 from memory word counter circuit 807 disables 
426 generates an identical sequence of actions to those address sync comparator 1122 (FIG. 14) and the signal 
described previously. on address one detection complement line 755 from 
However, prior to the generation of the read pulse on memory word counter circuit 807 enables data sync 
the read line 733 by a second monostable multivibrator 60 comparator 1123 (FIG. 14). The second gap counter 
in integrated circuit 1144 which starts the third read 809 (FIG. 16) is counting the bytes prior to the daU 
from the DRAM array, the address to the DRAM array field in the sector and read counter circuit 810 is gener- 
is incremented, as previously described, by the signal on ating zeros on output zero complement line 730. 
read word counter line 732. In the SMD interface, the write gate is asserted by a 
Hence, each word is read after the high signal from 65 differential signal on bit-0 line that is enabled by a differ- 
flip-flop 425 in read counter circuit 810 (FIG. 18) incrc- cntial signal on tag4 line of the SMD control cable. The 
ments word counter circuit 807 by one word. When the differential current mode receiver 461, in FIG. 5, is 
last word in the sector is loaded into latch circuit 803 coupled to the differential bit-0 line J5-4, J5-34 from the 
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SMD controller through a resistor network. Receiver gate 532 to a first input terminal of NAND gale 529. 

4^1 drives bit-0 line 701. Similarly, Ug-3 complement Accordingly, the output signal from NAND gate 529 is 

line 702 is coupled to SMD controller lines J5-3, J5-33 determined by the output signal from AND gate 533 

through receiver 459 and resistor network shown in which is applied to a second input terminal of NAND 

no. 5, 5 gate 529. The output signal from AND gate 533 is deter- 

In read/write gate circuit 812 (FIG. 33). the high mined by the signal on the XACKB complement line 

signal on bit-0 line 701 is inverted by inverter 435 and 779 from the 8207 DRAM controller and read/write 

the low output signal from inverter 435 is applied to a complement line 782 from the 8207 DRAM controller, 

first input terminal of NOR gate 436. The low signal on jhc NOR gate 537 (FIG. 31) invcrU the high signal 

tag-3 complement line 702 is applied to the second input 10 ©n writing line 709 and the low output signal from NOR 

terminal of NOR gale 436, so that NOR gate 436 gener* g^te 537 holds flip-flop 538 tn the clear mode. Hence, a 

ates a high signal on write gate line 704 and the high Jq^v^ signal is applied to the second input terminal of OR 

signal from NOR gate 436 drives the signal on read/- g^te 532, which is connected to output terminal Q of 

write gate line 705 high. flip-flop 538 and a high signal is applied to the second 

The signal on bit-1 line 703, in read/write gate circuit 15 ^^^^ terminal of AND gate 531 which is connected to 

812 (FIG. 33), is low when the write gate is asserted. output terminal Q of flip-flop 538. The high signal gcn- 

Thus, the low signal on bit-1 line 703 is changed to a mted on error complement line 783 by OR gate 544 in 

high signal by inverter 437 and applied to a first input response to the high signal on writing line 709 disables 

terminal of NOR gate 438. The low signal on iag-3 ^^^^ detection function of the 8207 DRAM con- 
complement line 702 is applied to the second input ter- 20 ^^qI]^^ 

minal of NOR gate 438 and so the output signal from ^^^^ asserting the write gate, the SMD disk control- 

NOR gate 438 on read gate line 706 is low. j^^. ^^^^xi^ t^e data to be written to the disk emulator 

The high signal on write gate hne 704 is applied on the SMD data cable. Lines J4-8, J4-20 from the SMD 

through OR gate 585 to mput terminal J of J-K flip-flop ^^^j,^ . ^ diflerential signal to receiver 547, as 

584 in writing flag circuit 811 (FIG^24). Hence, on the 25 ^^^^ ^ ^ ^^.^^^ generates the com- 

next clock pulse on clock one hne 708 to J-K flip-flop j^^^^ complement 

584, the signal on writing output line 709 from wntmg jj^^ 

flag circuit 811 goes high, while thesignal on the writ- ^^^^ ^^^^^j ^^^^ ^pjQ , j^q ^pj^ ^^e 

ing ^mplemCTilme 710 goes low b^ ^ SMD/SCSI complement line 725 to the 

the SCSI read/wnte enable hne 707 ,s always low dur- 30 ^ ^^^.^ P ^ ,^ 

mg normal opera ion of the disk emulator ^ ^ ^ 

Tl>e low signal on wntmg t?™^^^'";'^^^^^ Xf NAND gate 446 is high also, because the SMD 

applied to terminal CEE of J-K flip-flop 427. The high 35 nal generated by NAND gate 446 /«^P^"«lf^^ 
si^al removes the dear from J-K flip-flop 427. and J-K ^^V^^P"' ^r^!,!"^''^**^, " ' .^.nl 

flS-flop 427 b ready to respond to the signals on its NOR gate 445 and the signal on wnte f^^f^^^^^^^ 
inoui terminals *^ " Ime 735 is applied to the second mput terminal of NOR 

The high signal on writing line 709 from writin^flag «^te 445. Accordingly, ^« f«^«Pjj";^"»^<>/^ % ^^"^ 
circuit 811 (FIG. 24) is applied to select terminal ATB of 40 «gn*^^ V^l nH'f ^ ^? ^ %u %^t 
multiplexer 1125 in FIG. 13. Hence, as previously de- ^bjough OR gate 444 P"^/^^™";^ <>f th^ 

scribed, the signal on write clock line 750 is applied integrated circui 1104 (FIG, 10). With each clock pulse 
over shift register clock line 739 to the clock terminal on wnte clock Ime 750 one bit of the data is shifted 
CLK of the integrated circuits 1104-Ull. 1121 com- through the senal data path .<^^>J^^[V«^^^^^^^ 
prising the shift register 802 (FIG. 10); the signal on 45 comprised of mlegrated circuiU "W-"!*. 1121 m 
write B complement line 748 is applied over latch out- FIG- 10- ^ dcscnbed previously when data was shifted 
put enable line 742 to output enable terminal SI of each out of the shift register 802 dunng the read opcraiioa 
of the integrated circuits 1112-1120 in latch circuit 803 digital comparator 1122 m comparator circuit 815 
(FIG. 11); the positive power supply voltage is applied (FIG- 13) compares the signals on mput terminals 
to dau enable line 751; and the signal on vmtc B line 50 P0-P7 with the signals that have been preset on eight 
747 is applied to shift register output control line 740. position DIP switch 291. Comparator 1U2 is located on 

As previously described, writing line 709 also ^bit bus 700 such that when the data sync pattern is 
supplies the signal to one of the input terminals of OR detected, the first 66.bit word of the data field is in shift 
gate 415 in read counter circuit 810 in FIG. 18. Thus, register 802 after two additional clock pulses on wnte 
the high signal on writing line 709 passes through OR 35 clock line 750. When comparator 1122 detects the dau 
gate 415 to the second input terminal of NOR gate 417 sync pattern, the signal on data sync detection comple- 
NOR gate 417 generates a low signal that holds count- ment line 753. which is connected to the inverter on the 
en 1022, 1023 in read counter circuit 810 in the clear terminal P=Q of comparator 1122, goes low. This low 
mode. Consequently, when second gap counter 809 signal is applied to the second input terminal of NAND 
rolls over as described previously in the read from the 60 gate 401 in write control circuit 806 (FIG. 15) over data 
disk emulator read counter 810 remains disabled. sync detection complement line 753. The signal on ad- 

In latch clock/error detection circuit 805 (FIG. 31), dress sync detection complement line 752 to the first 
the high signal on writing line 709 is applied to a first input terminal of NAND gate 401 u high, as is the signal 
input terminal of OR gate 535, a second input terminal on word address 2-63 complement line 756 to the third 
of NOR gate 537, a first input terminal of OR gale 544 65 input terminal of NAND gate 401. Accordingly, 
and to input temuna! D of D-typc llip-nop 517. The NAND gate 401 generates a high signal that is applied 
high signal generated by OR gate 535 in response to the to input terminal J of S-K fiip-flop 432. FIG. 37o 
high signal on writing line 709 is passed through OR through FIG. 37v illustrate the response of write con- 
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trol circuit S06 (FIG. 15) lo the low signal on data sync clock pulse and write each word to DRAM array 822 

detection complement line 753. before the next word is captured in latch circuit 803. 

Since the initialization of the write control circuit The high signal on load write latch line 717 is also 
produced a high signal on input terminal K of J-K flip- applied to the firet input terminal cf NOR gate 440 in 
flop 432 (FIG. 37y) the first clock pulse on write clock 3 RFRQ circuit 841, shown in FIG. 29. The high signal 
line 750 after the detection of the dau sync pattern on load write latch line 717 drives the output signal 
moves one more bit of data into shift register 802 and from the NOR gate 440 low and, as previously de- 
loads the high signal on input terminal J into J-K flip- scribed^ the low signal from NOR gate 440 loads count- 
flop 432 (FIG. 37f) which drives the signal level on the crs 1138 and 1139. The response of counters 1138, 1139 
output terminal Q of flip-flop 432 high (FIG. 37^). The RFRQ circuit 841 is now identical to that described 
high signal from the output terminal Q of J-K flip-flop ^^en the high signal on early read line 724 drove the 
432 drives the output signal of NOR gate 402 low (FIG. output signal from NOR gate 440 low. 
377) which in turn drives the output signal of NOR gate The third clock pulse on write clock line 750 after 
407 high (FIG. 37m) because the second input signal to detection of the daU sync pattern loads counters 1027, 
NOR gate 407 from sector/index line 712 is low. The (FIO. 15) so that the signal on output terminal QA 
high signal from NOR gate 407 removes the clear signal counter 1027 goes low which in turn drives the out- 
from counters 1027, 1028. Also, after the first clock P"^ ^^^^ inverter 431 to the second input termi- 
pulse, the data sync pancm is no longer on the input ^ Saic 408 high (FIG. 37j). The signal from 
terminals of comparator 1122 and thus the signal on °"*P^* terminal QD of counter 1028 also goes high and 
data sync detection complement line 753 goes high "^^h signalis supplied to the first input terminal of 
(FIG. 376) which in turn drives the output signal of ?^ Kate ^ (RG. 37r^ Accordmgly, the output signal 
NAND gate 401 low (FIG 37</) K^*^ ^^'^ remains high until one 

The second clock pulse on write clock line 750 after clock pulse after counter 1028 rolls over, 

detection of the data sync pattern fills the 66-bit shift °1I """T^- ?^ f 

register 802 and generates a high signal on output termi- ^^^"^^ ""a^^^^^^ ' r 

nal QA of counter 1027. This high signal is inverted by ^-^^ T^^' signal from 

jnw»w*r All - 1 *u f- I „j * J OR gate 403 (FIG. 37o) is app led to the first mput 

ZfterSLl nf m ' T '^^^^ ^f NOR gate m (FIG 37/r). The third cl^k 

tTfi^i^nm t/r^ f ^t^^l JI) °" pulse to J-K flip-flop 432 drives the signal on output 

n.I on^^^^^^ ^ir^T^' °,T' ^ terminal Q low (FIG. 37^) because the signal on Uie 

T^ut?? / iS^' i"P"t teirninals J K are both low (FIG. 37. and FIG. 

the output signal from OR gate 408 goes low O^IG. 370. 37^). Accordingly, since NOR gate 402 has a high input 

Tlie low signal from OR gate 408 is applied to mput ^f^^^^ , ^l^, ,i , (pio. 370 the 

ternunal LD of counters 1027 1028 so that on th^ , NOR gate 402 remains low (HG. 

clock pulse on wnte clock line 75«a*^er detection of the 35 37^*; j^is low output signal maintains the output signal 

data sync pattern the counters 1027, 1028 arc loaded f/^^ j^OR gate 407 at a high level (FIG. 37m) which 

with the signal on their respective mput terminals. The ^^y,^ ^lear function for counters 1027. 1028. 

low output signal from OR gate 408 is applied to j^e high output signal from OR gate 403 is also ap- 

input tenninal K of J-K flip-flop 432 (FIG. 37/) and pjj^ ,0 terminal of OR gate 514 and OR gate 

through the integrator comprised of resistor RlOO and 40 515 memory word counter circuit (FIG. 19) 807 by 

capacitor 0530 to the mput tcrmmal of Schmitt trigger counter zero sute complement line 718. The high 

inverter 429. The high output signal from inverter 429 is jjgjial on write counter zero state complement line 718 

applied to mput termmal Bl of retriggerable monostable causes OR gate 514 to maintain a high signal on address 

multivibrator 1143. Smcc input termmal Al of multivi- zero detection complement line 754 wd causes OR gate 

brator 1143 is grounded, monostable multivibrator 1143 45 515 to maintain a high signal on address one detection 

generate a positive pulse on load write latch line 717 complement line 755. Hence, comparator circuit 8X5 

(FIG. 37w). Inverter 430 inverts the pulse from multivi- (FIG. 14) is inhibited. 

brator 1143 and the output signal from inverter 430 is As'counters 1027, 1028 (FIG. 15) count the clock 

applied to wnte Ime 716 (FIG. 37v). p^ls„ ^/rite clock line 750. counter 1028 generates a 

The high signal on load write latch line 717 passes 30 high signal on output terminal QB. However, prior to 

through OR gates 461, 464 in latch clock/error detec- this time, the disk emulator must write the word stored 

tion cu-cuit 805 (FIG. 31) to latch clock line 743. Conse- in utch drcuil 803 to DRAM array 822, because, as 

quenUy, the second clock pulse on write clock line 750 described below, the high signal on output terminal QB 

after detection of the data sync pattern by comparator of counter 1028 causes memory word counter circuit 

1122 clocks the latches in latch circuit 803 (FIG. 11) 55 807 (FIG. 19) to increment the word address for 

and captures the word of data which is on 66-bit parallel DRAM array 822 by one. The write to DRAM array 

bus 700 from shift register 802 (FIG. 10) in latch circuit 822 is initiated when the load write latch signal on line 

803. Hence, the disk emulator, which operates at 25 717 goes low because at this time the signal on write line 

Megahertz or higher, has stored the first word in the 716 goes high and the high signal on write line 716 

data Held so that it can be written to memory while the 60 initiates the write sequence. 

next word is being loaded into Shift register 802. This The duration of the high signal on load write latch 

permits operation at the high speed as well as writing to line 717» approximately 500 nanoseconds, is determined 

DRAM array 822 in a reasonable time frame. Also, this by the resistor RlOl and the capacitor C331, which are 

demonstrates how the sector-specific data field is de- connected to input terminals of multivibrator 1143 as 

tccted and processed. Since the SMD disk emulator 63 shown in FIG. 15. When the signal on the load write 

now passes the remainder of the data field to the disk latch line 717 goes to zero, the signal on write line 716 

emulator, the disk emulator must continue to generate a goes high. FIGS. 38fl through FIGS. 38/ illustrate the 

clock signal to latch circuit 803 on every 66th write sequence of signals that write the word from latch cir- 
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cuit 803 to DRAM array 822. In FIG. 38, the names and 
associated numbers on the right hand side of the figure 
each represent the lines in the disk emulator with the 
same number. The horizontal axis is not to scale, but 
each figure has the same scale. 

The transition from a low signal to a high signal on 
write line 716 clocks D-type flip-flop 553 in write 8 
circuit 814 (FIG. 39). Accordinglyt the low signal on 
input terminal D of flip-flop 553 is provided to output 



terminal Q of flip-flop 553. The low signal on output 10 DRAM array 822. 



the output signal from AND gate 533 in latch clock 
error detection circuit 805 (FIG. 31) remains un- 
changed by the low signal on XACKB complement line 
779. Consequentlyt a clock pulse is not generated on 
latch clock line 743 by the low signal on XACKB com- 
plement line 779. After the low signal on XACKB com- 
plement line 779 returns to a high level (FIG. 38^) the 
signal on read/write complement line 782 also returns 
to a high level (FIG. 3?/) and this completes the write to 



terminal Q drives the signal on write B complement line 
748 low (FIG. 38c). The low signal on output terminal 
Q of flip-flop D is also applied to the input terminal of 
inverter 553 and the resulting high output signal from 



Recall this response of the disk emulator to the load 
write latch signal and the write signal was generated by 
the second clock pulse on write clock line 750 after 
detection of the data sync pattern. As counter 1027, 



inverter 553 drives the signal on write B line 747 high 15 1028 (FIG. 15) count the clock pulses on write clock 
(FIG. 38<0- generate a high signal on output terminal 

The high signal on write B line 747 tristaies the out- QB of counter 1028, referred to previously, the high 
put terminals of the registers in the shift register 802 signal on output terminal QB of counter 1028 dnvcs the 
(FIG. 38/i) and the low signal on the write B comple- output signal from NAND gate 404 to input terminal D 
ment line 748 is passed through muhiplcxer 1125 (FIG. 20 of flip-flop 428 low. because the signals on the two 
13) to the latch output enable line 742 and the latch other input terminals of NAND gate 404 were set high 
output terminals are enabled so that the 66-bit word in when counter 1028 was loaded. On the next clock pulse 
latch circuit 803 is on the parallel bus 700 (FIG. 380- on write clock line 750, the low signal on input termmal 
The low signal on writ e B co mplement line 748 is D of flip-flop 428 is loaded into flip-flop 428 and applied 
applied to input terminal WrI of the 8207 DRAM 25 to output terminal Q which drives wnte counter Ime 
controlle r. In response to the low signal on the input 715. The low signal on write counter line 715 is mverted 
terminal WrS, the 8207 DRAM controller generates a by NAND gate 406 (FIG, 3). The high signal generated 
low signal on read/write complement line 782 (FIG. on counter clock line 780 by NAND gate 406 mcrc- 
3V). The low signal on read/write complement line 782 ments counters 1054, 1055 in memory word counter 
drives the output signal from AND gate 533 in latch 30 circuit 807, as previously described, 
clock/error detection circuit 805 (FIG. 31) low. The Since this is the second word counted, the output 
low output signal from AND gate 533 drives the output signal on terminal QA of counter 1055 in memory word 
signal from NAND gate 529 high and the high output counter circuit 807 (FIG. 19) is low. the output signal 
signal from NAND gate 529 passes through OR gate on terminal QB of counter 1055 is high, and the output 
527 to latch clock line 743 (FIG. 3Sg). Since the output 35 signals on the terminals QC and QD of counter 1055 and 
terminals in latch circuit 803 are enabled, the high signal the terminals QA and QB of counter 1054 are all low, 
on latch clock line 743 captures the inverted signals on Accordingly, the next word in the sector of the track 
the output terminals from the latches in circuit 803 on specified by the SMD controller is addressed on Imes 
the input terminals in the latches in circuit 803. Conse- J2-30, J2-94. J2-32, J2-96, J2.31, and J2-95 to the 8207 
quently. the 66-bit word stored in latch circuit 803 is 40 DRAM controller which are coupled to terminals QA 
inverted so that the word is now ready to be written to through QD of counter 1055 and terminals QA. QB of 
DRAM array 822. The 8207 DRAM controller subse- counter 1054, respectively. 

quently stores the word in the location specified by the Also, the low signal from output terminal QA of 
address signals from ROM translation circuit 819 and counter 1055 is also applied to a first input terminal of 
memory word counter circuit 807, as previously de- 45 NOR gate 509 and to an input terminal of inverter 505 
jcribcd. which in turn generates a high signal on the first input 

After the word is written to the specified location in terminal of NOR gate 506. Thus, NOR gate 506. which 
DRAM array 822, the 8207 DRAM controller drives also receives the high signal from terminal QB of 
the signal on XACKB complement line 779 low. The 
low signal on XACKB complement line 779 is a furst 50 
input signal to NOR gate 550 in write B circuit 814 
(FIG. 39). The second input signal to NOR gate 550 is 
on DRAM clock complement line 777. Accordingly, 
NOR gate 550 generates a high output signal when the 

signal on DRAM clock complement line 777 goes low. 55 low signals from output terminals QA» QB of counter 
The high output signal from NOR gate 550 drives the 1054 are supplied to the first and second input terminals 
output signal from NOR gate 551 low which presets the of NOR gate 508 respectively. The resulting high signal 
flip-flop 552 and therefore drives the sigjial on write B generated by NOR gale 508 is provided to the second 
complement line 748 high (FIG, 38c) because write B input terminal of NAND gate 511 and to the third input 
complement line 748 is connected to output terminal Q 60 terminal of NAND gate 510. The first input terminal of 
of flip-flop 552. The high output signal from terminal Q NAND gate 511 and the second input terminal of 
of flip-flop 552 is also an input signal to inverter 553, NAND gate 510 each receive the high output signal 
which in turn generates a low output signal on write B from NOR gate 507 that is generated in response to the 
line 747 (FIG. 38rf) low signals from terminals QC, QD of counter 1055 

When the 8207 DRAM controller drives the signal 65 which are applied to the first and second input terminals 
on the XACKB complement line 779 low (FIG. 38e). of NOR gate 507 respectively, 
the signal on read/write complement line 782 to AND Therefore, NAND gate 510. which receives the high 
gate 533 (FIG. 31) was already low (FIG. 3V) and so output signals from NOR gate 507 and NOR gate 508 



counter 1055, generates a low signal which is applied to 
a first input terminal of NAND gate 510. The high 
signal from terminal QB of counter 1055 is also applied 
to the second input terminal of NOR gate 509 and the 
low signal generated by NOR gate 509 is applied to the 
third input terminal of NAND gate 511. Similarly, the 
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and the low output signal from NOR gate 506» provides described. Thus,v>whcn counter 1028 rolls over, the 
a high output signal to a first input terminal of OR gate output signal of NOR gate 402 goes low and counters 
515, which in turn generates a high signal on address 1027, 1028 are in the clear mode, as previously de- 
one detection complement line 755. The high output scribed. Thus, the disk emulator reads the data field of 
signal from NAND gate 510 is also passed through OR 5 the sector provided by the SMD disk controller and 
gate 513 to the first input terminal of NAND gate 512. then inhibits write control circuit 806. Hence, the disk 
The high output signal from NAND gate 511» which is emulator functions in the write operation as a hard disk 
generated by the high input signals from NOR gates drive with substantially improved performance. 
507. 508 and the low input signal from NOR gate 509 is Following this mode of operation, the SMD disk 
passed to a first input terminal of OR gate 514, The high 10 controller may write any number of sectors to the disk 
output signal from NAND gate 511 is also applied to emulator. The comparator circuit 815 detects the sector 
the second input terminal of NAND gate 512. Since the specific data and only sector specific data is written to 
signals on both input terminals of NAND gate 512 are the DRAM array. This minimizes the amount of 
high, NAND gate 512 generates a low signal on word DRAM required and gives a better utilization of the 
. address 2-63 complement line 756. 15 storage medium than the prior art hard disk drives. 
The low signal on word address 2-63 complement Also, as described, the disk emulator significantly im- 
line 756 drives the output signal from NAND gate 401 proves the seek time and the rotational latency and 
in write control circuit 806 (FIG. 15) high. Accord- operates at 25 MHz or higher so that the speed with 
ingly, the signals on both input terminals J, K of Hip- which daU is written to the disk emulator is governed 
flop 432, in write control circuit 806 (FIG. 15) are high 20 by the speed of the SMD disk controller, rather than the 
and on the next clock pulse on write clock line 750 the disk emulator. This dependence of performance on the 
signal on output terminal Q of flip-flop 432 goes high. SMD disk controller completely reverses the depen- 
As previously described, this high signal inhibits the dcncc found in the prior art» where the performance of 
clear function on counters 1027. 1028. Thus, when the hard disk drive was the limiting factor, 
counters 1027, 1028 roll over after counting 64 bits of 25 

the second word, the counters do not clear when the READ WITH ERROR 
signal on output terminal QD of counter 1028 goes low. In the immediately preceding description of the read 
Rather, the first clock pulse on write clock line after operation from the disk emulator, the error correction 
counter 1028 rolls over drives the output signal on ter- capability of the disk emulator was not discussed. It was 
minal QA of counter 1027 high and the output signal on 30 assumed that no hard errors, as defined previously, 
terminal QD of counter 1028 remains low. Also, one occurred while the data was stored in the DRAM array, 
additional bit of dau is shifted into shift register 802. In the normal read, the cycle was: 1) read the word 
The high signal from terminal QA of counter 1027 and from DRAM array 822 and store it in latch circuit 803; 
the low signal from counter 1028 produces a second 2) inven the word in latch circuit 803; and 3) write the 
high signal on load write latch line 717, as previously 35 word from latch circuit 803 to shift register 802. This 
described, and the second high signal on load write was a READ/INVERT/WRITE cycle, 
latch line 717 generates a clock pulse on latch clock line The extra invert cycle may seem extraneous from the 
743 which captures the sixty-six bit word in shift regis- normal read cycle with no errors, but examination of 
ter 802 in latch circuit 803. Since one bit of the word the read cycle with an error demonstrates the benefits 
was shifted into shift register 802 by the clock pulse 40 of the inverting latches in latch circuit 803. 
which loaded counters 1027, 1028 after the previous The read from memory with an error requires the 
load write latch signal, an additional 64 bits of the word Read/Invcrt/Write/Read/Invcrt/Write cycle previ- 
werc shifted into shift register 802 by the clock pulses ously illustrated in Table I. This cycle must be accom- 
which caused counter 1028 to roll over, and one addi- plished within the time required for the previous 66 bit 
tional bit was shifted mto ^ift register 802 as the second 45 word to be shifted through shift register 802. The error 
load write latch signal was generated, the clock pulse correction sequence requires the most time to accom- 
on latch clock line 743 is generated at precisely the plish. and, as such, is the limiting factor for serial data 
instant another full sixty-six bit word is in shift register transfer to the SMD disk controller. Since the data is 
802. The coimters 1027 and 1028 are again loaded after read and immediately inverted in conjunction with the 
the generation of the second load write latch signal and 50 latching operation, significant time is saved. This allows 
the memory word counter circuit 807 is incremented as the six step error correction operation to fit within the 
described above. Hence, as each 66.bit word fills shift 66-bit time at a clock rate of up to 50 MHz. 
register 802 and counter 1028 rolls over, one clock pulse A read with error cycle begins, as previously de- 
leter the load write latch signal on line 717 is generated scribed, with the read request to 8207 DR AM c ontrol- 
and the process repeats itself 55 ler. i.e. applying a low signal on terminal EBB of the 
This process continues until counter 1054 in memory 8207 controller. FIGS. 40o through 40/ illustrate the 
word counter circuit 807 (FIG. 19) generates a carry sequence of signals for a read with error. In FIG. 40fl 
pulse signal to AND gate 496 which in turn generates a through 40/ the fuunes and associated numbers on the 
high signal on input termina] J of the flip-flop 499, as left hand side of the figure each represent the lines in the 
previously described. On the next clock pulse on clock 60 disk emulator with the same number. FIG. 40/ is the 
zero line 728 the signal on sector full Unc 757, which is response of terminal Ql in multivibrator 1131 (FIG. 31). 
connected to output terminal Q of flip-flop 498, goes In FIG. 40, the horizontal axis is not to scale but each 

high. The high signal on sector full line 757 drives the figure has the same scale. 

output signal from NOR gate 400 in write control cir- Upon receipt of the low signal on terminal EDB, the 

cuil 806 (FIG. 15) low. The low output signal from 65 8207 DRAM controller performs the memory fetch and 

NOR gate 400 clears flip-flop 432. The resulting low loads a 66-bit word on 66-bit parallel bus 700 and a 

signal on output terminal Q of flip-flop 432 is supplied to stored parity bit for the 66-bit word appears on line 

the first input terminal of NOR gate 402 as previously D(0) as previously described. Parity circuit 804 (FIG. 
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gate 530 generates a high output signal. The high output 
signal from NOR gate 530 drives the output signal of 
NOR gate 519 low. As previously described, the low 
output signal from NOR gate 519 sets flip-flop 517 and 
consequently a high signal is generated on read 8 com- 
plement line 746 (FIG. AOb) and a low signal on read B 
line 745 (FIG. 40c), 

The signal generated by 8207 DRAM controller on 
read/write complement line 782 (FIG. 40/) also clocks 
the error flag register, flip-flop 538. Accordingly, since 
the signal on input terminal D of the flip-flop 538 was 
high, the signal on output terminal Q of flip-flop 538 
goes high and the signal on output terminal Q of flip- 
flop 538 goes low. The high signal from output terminal 



12) generates a new parity bit on parity bit line 744 for 
the retrieved word on 66-bit parallel bus 700. Recall 
that during this operation the parallel output terminals 
in shift register 802 (FIG. 10) arc tri-state. 

The new parity bit on parity bit line 744 b applied to 
the first input terminal of Exclusive OR gate 302 (FIG. 
11). The stored parity bit on line D(0) is applied to the 
second input terminal of Exclusive OR gate 302. If the 
output signal from OR gate 302 is zero, then no error 
occurred and the read cycle progresses as previously 10 
described. However, since for illustrative purposes an 
error is assumed, the new parity bit is different from the 
stored parity bit and the output signal from Exclusive 

OR gate 302 on parity check line 784 is high. , . . , 

The high signal on parity check line 784 is applied to 15 Q of flip-flop 538 is applied to one of the mput termmals 
a first input terminal of NOR gate 542 in the latch of OR gate 532. This is necessary because the error 
clock/error detection circuit 805 (FIG. 31). The signal correction scheme leaves the corrected word ready to 
on the second input terminal of NOR gate 542 and the be loaded into shift register 802. but in a read without 
signal on the fir^ input terminal of AND gate 541 are error for the reroth word of a seaor the signal on line 
both low because the signal on read line 733. which 20 722 is used to drive the output signal of OR gate 532 
initiated the read cycle, drove the output signal of in- high which subsequently generates a clock pulse on 
verier 577 low and the low output signal from inverter latch clock line 743. However, smcc the clock pulse on 
577 cleared flip-flop 539. Similarly, the low signal on line 743 is not needed in a read with error, the high 
read B complement line 746 (FIG. 40A) cleared flip-flop signal provided by flip-flop 538 to OR gate 532 causes 
540 and the resulting low signal on the output terminal 25 the OR gate 532 to generate a high ^utput signal at all 
Q of flip-flop 540 is applied to the second input terminal times untU another read signal on read line 733 to NO 
of AND gate 541. Accordingly, NOR gate 542 gencr- gate 537 causes NOR gate 537 to clcarflip-flop 538. The 
ates a low signal which is applied to- the first input tcr- low signal on the output terminal Q of fljp-nop 538 
minal of OR gate 543 and AND gate 541 also generates similarly drives the output signal of AND gate 531 low 
a low signal which is applied to the second input tcrmi- 30 so that when the read counters roll over and generate a 
nal of OR gate 543. The low output signal generated by high signal on read counter TC line 781. the high signal 
OR gate 543 is passed through OR gate 544 to error on line 781 does not generate a clock pulse on latch 
complement line 783 because the signal on writing line clock line 743. . ^ ^ o^«^ tn« a xm 

709 to the other input terminal of OR gate 544 is also Finally, the signal generated by the 8207 DRAM 
low. The low signal on error complement line 783 is 35 controller on read/wntc complement Unc 782 after the 
applied to the error pin of the 8207 DRAM controller. detection of the parity error sets flip-^op 539 so thai the 

• - • ^" * * ' signal on output terminal Q of flip-flop 539 is high. The 

high signal from output terminal Q of flip-flop 539 
drives the output signal of NOR gate 542 low. The high 
40 signal from 'output terminal Q of flip-flop 539 is also 
applied to the second input terminal of AND gate 541. 
The signal on the first input terminal of AND gate 541 
from the output terminal Q of flip-flop 540 is low be- 
cause just prior to the low signal on read/write complc- 
45 ment lines 782 (FIG. 40/) the signal on read B comple- 
ment line 746 (FIG. 40^) was low and this low signal 
held the flip-flop 540 in the clear mode. 
Accortlingly, with a high input signal and a low input 

^ ^ signal, AND gate 541 generates a low output signal. 

from A^ii* gate 533 50 Hence, OR gate 543 has two low input signals and 

read. Consequently, the change in the signal on the accordingly generates a low output signal which passes 
read/write complement line 782 causes latch clock/er- through OR gate 544 to error complement line 783. The 
ror detection circuit 803 (FIG. 40e) to latch the word on low signal on error complement line 783 forces the 
parallel bus 700. Since latch circuit 803 inverts the word error pin of the 8207 DRAM controller active so that a 
when it latches, latch circuit 803 provides an inverted 55 guaranteed error will occur when the 8207 DRAM 
word on the parallel bus 700 to DRAM array 822. The controller performs the second read cycle. 
8207 DRAM controller then writes the inverted word The high signal from output terminal Q of flip-flop 
back to the same location in DRAM array 822 from 538 which was generated by the clocking of flip-flop 
which the word was retrieved. 538 by the signal on read/write complement line 782 

The low output signal from AND gate 533 is also 60 which was generated by the 8207 DRAM controller 
applied to a first input terminal of NOR gate 530. The after the detection of the parity error triggers monosU- 
input signal on the second input terminal of NOR gate ble multivibrator 1134 because input terminal Al of 
530 is the complement of the DRAM clock signal on multivibrator 1134 is grounded. The high output signal 
DRAM clock complement line 777. The signal on from multivibrator 1134, (FIG. 40j) is passed through 
read/write complement line 782, which drives the out- 65 OR gate 516 to the terminal CLK of the flip-flop 517. 
put signal of AND gate 533, and the signal on DRAM Accordingly, when multivibrator 1134 triggers flip- 
clock complement 777 are timed such that both are low flop 517 is clocked and. as described previously, the 
on the input terminals of NOR gate 530 so that NOR signal on read B complement line 746 (FIG. 40b) goes 



When the signal on the error pin of the 8207 DRAM 
controller is low, the controller modifies the read cycle 
from that previously described. Instead of generating 
the low signal on XACKB complement line 779 as in 
the error free read, the 8207 controller generates a low 
signal on the read/write complement line 782 (FIG. 
40/) which is connected to terminal R/W of the control- 
ler. This indicates that the read cycle has been altered to 
become a Read-Modify- Write cycle. 

The low signal on read/write complement line 782 
drives the output signal from AND gate 533 in latch 
clock/error detection circuit 805 (FIG. 31) low and the 
response of NAND gate 529 to the low output signal 
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low and the signal on read B line 745 (FIG, 40c) goes 
high. The low signal on re ad B c omplement line 746 is 
applied to input terminal RDB of the 8207 DRAM 
controller and accordingly the 8207 DRAM controller 
initiates a second read cycle with an error because of 
the low signal on error complement line 783, as previ- 
ously described. 

This cycle is identical to the first cycle except now 
the low signal on the read/write complement line 782 
(FIG. 40y) does not change the output signal from flip- 
flop 538 and consequently multivibrator 1131 is not 
retriggered. Accordingly, this second cycle simply 
reads and inverts the data from the DRAM array which 
was written there by the first cycle of the error correc- 
tion process. As explained previously with respect to 
Tabic I, the second Read/Invert/Writc cycle leaves the 
error corrected word in latch circuit 803. This word is 
subsequently loaded into the shift registers and the 
SMD controller sees correct data and is unaware that 
any memory failure has occurred. 

This error correction process is completed while the 
previous word is being shifted out of shift register 802 
and the use of the inverting latches in latch circuit 803 
and the unique Rcad/lnvert/Writc/Read/Invert/Write 
process eliminates any potential problem with single bit 
failures in the DRAM array. 

The disk emulator of this invention significantly im- 
proves both the seek time and the rotational latency. 
Also, the data storage medium in the disk emulator is 
used more efficiently than the data storage medium in a 
conventional hard disk. Finally, since the disk emulator 
has no mechanical or moving parts and since the novel 
error correction process corrects hard memory failures, 
the reliability of the disk emulator should be signifi- 33 
cantly better than the reliability of prior art hard disks. 
While one embodiment of this invention have been 
disclosed, it should be understood that the present dis- 
closure merely exemplifies the principles of the inven- 
tion and is not intended to limit the invention to embodi* 
ments illustrated. From the present disclosure, other 
embodiments and advantages of the invention will be 
apparent to one skilled in the an. 

We claim: 

1. A solid state data storage system, adapted to be 45 
connected to a disk controller, for storing and retriev- 
ing data comprising: 

n-bil shift register means, where n is a selected inte- 
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memory address selector means, operatively con- 
nected to said solid state memory means, for re- 
ceiving (i) a fu^ input signal comprising a high 
order address for said solid state memory means, 
and (ii) a second input signal comprising a low 
order address for said solid state memory means 
wherein said memory address selector means selec- 
tively connects said parallel bus means to the re- 
gion of said solid state memory means correspond- 
ing to said input signals; 

address translation means, operatively connected to 
such a disk controller and to said memory address 
selector means, for generating an output signal in 
response to geometric address information from 
such a disk controller wherein said output signal 
comprises said first input signal to said memory 
address selector means; 

control means, operatively connected to such a disk 
controller, to said memory address selector means, 
to said solid state memory means, to said control 
input line of said n-bit latch means, for (i) generat- 
ing signals to said n-bit shift register means, said 
n-bit latch means, said memory address selector 
means, and said solid state memory means to store 
data as n-bit words in said solid state memory 
means and to retrieve data from said solid state 
memory means; and (ii) in response to signals from 
such a disk controller, generating said second input 
signal for said memory selector address means. 

2. A system as in claim 1 wherein a serial data stream 
from such a disk controller comprises sectors and each 
of said sectors includes sector specific data and nonsec- 
tor specific data. 

3. A system as in claim 2 further comprising: 
means, operatively connected to said control means, 

said parallel bus means, and said n-bit shift register 
means, for selecting sector specific data for storage 
in said n-bit latch means wherein said means for 
selecting sector specific data, in response to a pat- 
tern of data output signals from said n-bit shift 
register means indicating the initiation of sector 
specific data, generates an output signal to said 
control m«uis. 

4. A system as in claim 3 wherein said control means 
further comprises means, responsive to said output sig- 
nal of said means for selecting sector specific data, for 
generating a sequence of control signals to said memory 
address selector means, to said n-bit shift register means 



ger, having a serial input terminal for receiving 

dau from such a disk controller, a serial output 50 to said n-bit latch naeans so that said sector specific 
tcnninal for providing data to such a disk control- daU from such a disk controller is stored as said n-bit 
ler, a serial data path through said n-bit shift regis- words in said solid state memory means, 
ter means connecting said serial input terminal and 5. A system as in claim 4 wherein said solid state 
said serial output terminal, parallel data input/out- memory means further comprises means for storing an 
put terminals for each bit of said n-bit shift register 33 (n-f l>-bit for each n-bit word and a parallel data input- 
means, and a control input line; /output terminal for said (n-f 1) bit 
n-bit latch means having parallel data input/output 6. A system as in claim 5 further comprising means, 
terminals for each bit of said n-bit latch means and operatively connected to said parallel bus means, for 
a control input line; generating a parity bit wherein in a first mode of opera- 
solid state memory means adapted to store n-bit 60 tion, said parity bit generating means generates a first 



words and having parallel data input/output termi- 
nals for each bit of said n-bit words; 
parallel bus means, operatively interconnecting said 
parallel data input/output terminals of said n-bit 
shift register means with said parallel data input- 
/output terminals of said n-bil latch means and with 
said parallel data input/output terminals of said 
solid state memory means; 



parity bit for said n-bit word in said n-bit latch means 
and said first parity bit is stored in said (n + 1) bit storage 
means of said solid state memory means; and in a second 
mode of operation, said parity bit generating means 
65 generates a second parity bit for an n-bit word retrieved 
from said solid state memory means. 

7. A system as in claim 6 said parallel bus means 
further comprising a parity line wherein said stored first 
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parity bit is retrieved from said solid state memory 
means on said parity line of said parallel bus means. 

8. A system as in claim 7 further comprising means, 
operatively connected to said parity line and to said 
parity generating means, for comparing parity bits ^ 
wherein said second parity bit generated for said n-bit 
word retrieved from said solid state memory means is 
compared with said first parity bit and an output signal 

is generated upon said parity bits being different. 

9. A system as in claim 8 fitrther comprising means, 
operatively coupled to said n-bit latch means, to said 
control means, and to said parity bit comparing means, 
for error correcting an n-bii word, wherein said error 
correcting means is activated only upon receipt of said 15 
output signal of said parity bit comparing means, and 
upon activation, said error correcting means corrects 
said retrieved n-bit word. 

10. A system as in claim 9 further comprising: 



72 

means, operatively connected to said serial output 
terminal of said n-bit shift register means and to 
said control means, for generating a nonscctor 
specific serial data stream wherein said control 
means generates a sequence of signals to said mem- 
ory address selector means, to said n-bit shift regis- 
ter means, to said means for generating a nonsector 
specific serial data stream, and to said n-bit latch 
means, and in turn said serial data stream provided 
to such a disk controller comprises a sector having 
nonsector specific data generated by said means for 
generating a nonsector specific serial data stream 
and sector specific data retrieved from said solid 
state memory means. 

11. A system as in claim 1 wherein such a disk con- 
troller comprises a SMD disk controller. 

12. A system as in claim 1 wherein said solid stale 
memory means comprises a DRAM array. 

• * • • * 
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